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SCHERZER ROLLING-LIFT BRIDGES. 


THE NEW STRUCTURE AT BUENOS AYRES. 


One of the most interesting railway engineering 
works completed during the past few months in the 
Argentine is the double-track, Scherzer, rolling-lift 
bridge of the Buenos Ayres Great Southern Railway 
Company, which crosses the Riachuelo on the high 
level access to Plaza Constitucion. This new bridge, 
in conjunction with its new approach spans, replaces 
a series of through truss, fixed spans, the movable 
span of the bascule type being required by the govern- 
ment in the renewal of the work to provide for the 
increasing navigation along the Riachuelo. 

The company, after having contracted for the work, 
decided to arrange at that time for the future ex- 
pansion of its traffic, and accordingly it ordered dupli- 
cate double-track superstructures, so as to provide 
four tracks across the river when required by traffic 
development. One of these double-track bridges is now 
erected and is illustrated in the accompanying photo- 
graphs. The other bridge is in course of mans 
facture and will shortly be erected alongside of the 
present one, thus forming the four-track structure. 
The scheme is one of considerable magnitude, and has 
an important bearing on transport facilities in the 
city of Buenos Ayres. The opening of the bridge has 
enabled one line of rails on the high level to be brought 
into use and the completion of the embankments to be 
facilitated, and the second track will shortly change 
from the low to the high level. 

By means of this elevated access the company will 
be able to avoid crossing several busy streets in the 
city of Buenos Ayres on the level, which, apart from 
the risk to life, rendered the work of the congested 
traffic to and from their terminus at Plaza Consti- 
tucion very inconvenient and costly. 

As will be seen from t*e photographs, both the bas- 
cule span and the apprceaches are of the through truss 
type, the total length of the new bridge, including the 
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two end approach spans, the bascule span, and its sup- 
porting track girder span being 340 feet. The ap- 
proach span at the front end of the basclue has a 
length of 127 feet, and the opposite approach a length 
of 100 feet. The bascule is 86 feet 6 inches long, cen- 
ter to center of bearings, and provides a clear water- 
way for navigation 76 feet 5 inches wide. The width of 
the bascule as originally designed was 29 feet 8 inches 
center to center of trusses, which gave a clear width 
between trusses of 27 feet 8 inches. 

After the work was under way, however, the gov- 
ernment increased the requirements for rolling stock, 
and this necessitated an increase in the width of the 
bridge to 34 feet 10 inches center to center of trusses, 
or 32 feet 10 inches clear width. The approach 
trusses are spaced 40 feet 4 inches on centers, giving a 
clearance between trusses of 37 feet 10 inches. The 
bascule is a two-truss, five-panel design of the Scherzer 
rolling-lift type, which operates by curved girders at 
the rear end of each truss. 

These curved girders roll on tracks provided for 
them, the tracks being supported by girders crossing 
between two piers, the rear one of these last also car- 
rying the front end of the rear approach span. The 
curved segmental girders and the track girders have 
surfaced steel plates riveted to the girder flanges in 
order to provide a smooth surface upon which the 
movable leaf rolls without friction. The track girder 
plates have small rectangular teeth cast on them, 
these teeth engaging with corresponding holes recessed 
in the plates on the segmental girders, insuring per- 
fect alignment of the movable leaf in all positions. 

The movable leaf is operated by two alternating- 
current electric motors having a capacity of 40 horse- 
power each. The motors are placed in the movable 
leaf on a machinery platform just in front of the 
counterweight box. The power of the motors is ap- 


plied in the operation of the bridge, through a system 
of gearing, to shafts passing through each truss of the 
moving leaf at the center of the roll, this point moy- 
ing in the operation of the bridge in a line parallel 
with the top surface of the track girder. Pinions at- 
tached to these shafts engage with racks placed on 
independent fixed rack supports outside of the plan« of 
the trusses. 

The simplicity of this method of operation can be 
seen from the photograph. The moving leaf is counier- 
weighted by concrete counterweight placed in a s'eel 
box crossing between the trusses over the segmental 
girders, and as the bridge is in balance in all positions 
the power required for operation is slight, but a siial! 
part of the power of the motors being required under 
ordinary conditions. 

The operation of the bridge is regulated by a «on- 
troller placed in the operator’s house. This controller 
is designed to handle the motors from low speed at 
the starting point to their maximum speed without 
shock or jar. Each motor is equipped with a magnetic 
brake which brakes antomatically when the current is 
cut off. The operator’s house, in addition to its de- 
vices for the control of the electric operation of the 
bridge, contains indicators which show to the operator 
both day and night all positions of the bridge during 
its operation. The machinery, so designed to enable the 
bridge to be operated by hand, should the curren: be 
cut off or the electrical equipment be out of service. 
This operation is performed by driving the pinion: by 
means of hand chains passing over sprocket wheels on 
the shafts. A front lock is provided for keeping the 
bridge in position when closed. 

This lock is operated by a hand lever in the oper- 
ator’s house, and the mechanism for operating the jock 
is interlocked with the electric mechanism for op: rat- 
ing the bridge. 


NEW FORM OF AERIALS FOR WIRELESS 
TELEGRAPHY. 
By C. C. 

F. Krerirz contributes to the current number of 
“Annalen der Physik” an article of the greatest im- 
portance to all interested in wireless telegraphy. It 
concerns the influence of the form and disposition of 
the aerial upon sending and receiving distance. 

Kiebitz took the field with a portable apparatus con- 
taining all the essentials of a large station, but com- 
pact enough to be easily transportable by a bicycle 
rider. The sending station was outfitted with a very 
small induction coil, consuming 25 watts. The oscil- 
lating circuit fed by this coil contained a spark gap, 
two Leyden jars and a copper ring 10 centimeters in 
diameter. This circuit was loose-coupled to the open 
circuit or aerial. p 

The aerials were suspended from masts 10 meters 
high, and were 7 meters long. Sometimes the lower 
end of the aerial led to counter aerial (Gegenantenne) 
and at other times to the ground. 

The receiving stations had similar masts of jointed 
bamboo for the aerial suspension, a loose coupled de- 
tector circuit containing a galenite detector and a 
counter aerial or ground. 

The sending and receiving stations were turned to 
a wave length of 100 or 200 meters. 

The method of procedure was to send out at stated 
times letters of the Morse alphabet. The receivers 
then set up their stations at various distances in 
order to learn at what points the signals could be 
plainly read and at what points they vanished. 

It appeared with great regularity that signals could 
be read at 3.6 kilometers (2.2 miles) but were lost at 
4 kilometers, and this, whatever the shape and ca- 
pacity of the aerial, only provided its vertical height 
remained the same. The various forms tried were: 
Fan-shaped, a prismatic eage of four wires, and a 
cylinder of twelve wires. 

When, however, sender and receiver were turned to 
204 meters instead of 100 meters, the hearing distance 
increased to 4.5 kilometers (2.8 miles). Leaning the 
aerial from the vertical in any direction was without 
effect upon the hearing distance provided its tip were 
maintained at the same level above the ground. 

The greater reach of the long waves is probably due 
to two things—the higher conductivity of the earth 
and the greater absorbing power of the detector with 
increased wave length. 

It was observed that when the ground was very dry, 
or the underlying earth was clay, the hearing distance 
was in general less. 


Further three stations with grounded antennae were 
built. The first was a copy, one to ten, of 
the great station at Nauen. It had, namely, a three- 
sided tower 10 meters high and 4 meters on the side, 
serving to support the six-sided umbrella-shaped aerial 
built up of a network of iron and copper wire. The 
second station had the square prismatic aerial of 
four wires. The third a cylinder of twelve wires, all 
three being of the same height. 

These three stood near one another and were used 
to send in rotation. The country about being explored 
as before by the flying receiving stations, it appeared, 
first, that the range of a grounded station is greater 
than that of an ungrounded one, being now 6 kilo- 
meters as against 4.5 kilometers, and second, that the 
sending radius of all three stations was exactly the 
same, regardless of their capacity. In fact, when from 


~ the copy of the Nauen station the entire umbrella of 


wires was'cut away, leaving nothing save the central 
tower, the sending radius remained entirely un- 
changed. 

Stations like that at Nauen and Wellfleet on Cape 
Cod were erected, with their complicated aerials of 
great capacity, at a time when detectors depended in 
their action upon the instantaneous value of the re- 
ceived energy. Such detectors have now been dis- 
earded, and those in which the effect is integrating 
are in use, being far more sensitive. 


For the latter the simplest form of aerial, with a: 
pair of wires, avould seem to be as efficient as the great 


structures with large capacity. 

The only effect of a large capacity is to distribute 
the potential and make the insulation of the aerial 
simpler. 

The experiments with multiple vertical antennae are 
then given. These have already appeared in The 
Electrician, 62—1909, so that we pass on to horizontal 
aerials. 

It is much to be hoped that great distances may be 
covered with horizontal aerials, because with increased 
wave length it becomes increasingly more. difficult to 
build vertical aerials whose height shall be a quarter 
wave length of the oscillation used, or a considerable 
fraction of it, whereas horizontal aerials afford fewer 
difficulties. 

Two horizontal aerials, each made of two wires 30 
meters long, 50 centimeters apart, suspended 2 meters 
above the earth and insulated, were set up. One was 
a continuation of the other, the two being separated 
by the helix of a loose-coupled sending system. It 
appeared that the sending radius of this device was 
3 kilometers in the direction of the wires, but per- 


pendicular to them only 80 meters. The maximum 
sending radius was therefore just one-half that of a 
vertical aerial 10 meters high, whereas it had but one 
fifth the height of the 10-meter station, and was in 
addition strongly directive. When one of the above 
aerials was grounded and used alone the sending 
radius was 3 kilometers in every direction. Only when 
the ground connection was poor, or good only in one 
direction, did the grounded horizontal aerial show di- 
rective effect. Experiments with horizontal antennae 
as receiving stations were carried out with the help 
of the large stations at Norddeich and Nauen. To 
this end a pair of horizontal aerials were built at 
Herzfelde, 450 kilometers (280 miles) from Norddeich. 
Each was of two wires 1 meter apart, supported 2 
meters above the ground and 200 meters long, extend- 
ing in the direction of Norddeich. The signals from 
Norddeich were heard with great intensity with the 
two systems combined and insulated, or with either 
alone and grounded, wken turned to the wave length 
of the sending station—2,000 meters. Even when the 
wires were shortened to 60 meters, their distance 
apart reduced to 50 centimeters and their height above 
“ground to 1 meter, the signals were readable with the 
combined system, but only with the grounded half of 
it when using the half stretching away from Nord 
deich. That is, if you wish to get messages from 
ships at sea with a bent aerial let it stretch inlané. 
As nearly as could be estimated, the signals from th 
single 60-meter long and very low aericl were as loud 
as from a 20-meter high vertical one. 

And finally, in consideration of the fact that whe 
electrical wave trains sweep over the surface o/ tht 
earth, their lines of force, as alternating fields, should 
produce alternating currents in the earth’s surface. 
The author undertakes to make use of these currents 
for telegraphing. 

Two zinc plates were buried in the ground 22 meters 
apart. They were joined to the outer coatings o/ tw? 
Leyden jars lying upon the ground. ‘The inner coat 
ings were joined by a wire, insulated, but covered 
lightly with earth. The center of the connecting wire 
was coiled to form the secondary of the sending it 
ductance. This station could be*heard with one of the 
above described movable field receivers at a dis‘anee 
of 1.5 kilometers in the direction of the line joininé 
the two Leyden jars, but the sound vanished at 2% 
meters in the vertical direction, provided the receivins 
aerial were kept vertical. 

By means of a similar arrangement used as 4 Tr 
ceiver the Norddeich station was easily heard nearly 


300 miles away. 
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Sim J. J. TuHomson, F.R.S., delivered at the Royal 
Institution the fifth and penultimate lecture of his 
course on the subject of electric waves and the electro- 
magnetic theory of light, in which he said that on 
the previous occasion he had shown experiments lead- 
ing to the conclusion that in air the speed of electric 
waves was the same as that of light, and that there 
were many other bodies in which the speed of the 
two disturbances were also nearly the same. There 
were, however, he had also shown, other bodies form- 
ing an exception to this rule, and of these water was 
the most conspicuous example. In fact, at ordinary 
temperatures the velocity in water of the long elec- 
trical waves was only one-seventh that of light waves. 
It was, however, a general rule that the shorter the 
wave ‘he slower the speed at which it traveled through 
a dense medium. Thus violet light moved through 
glass ore slowly than red, and hence the behavior in 
water of the long electrical waves was opposed to that 
of light waves in general, the electric wave traveling 
much more slowly than it should. In his last lecture 
he had stated, Prof. Thomson continued, that this 
peculi.rity could be explained if water contained sys- 
tems :nalogous to little pendulums having a time of 
swing intermediate between the periodicity of light and 


that of electric waves. In such cases anomalous dis- 
persion. arose. Through the kindness of Prof. Wilber- 
force, of Liverpool, he was able, he said, to exhibit a 


mode! which showed in quite a conspicuous way what 
happened when a vibration passed into a medium com- 
prisins such systems. 

Before demonstrating the peculiarities of this model, 
it might, however, be well to consider the theoretical 
connection between the frequency of light and the 
refractive index of a medium containing systems hav- 
ing certain natural periods of vibration. In Fig. 1, he 
said, the ordinates represented refractive indices which 
were inversely proportional to the speed of light in 
the medium. Frequencies were set off along the line 
AC, and the medium was assumed to contain systems 
having a period of vibration equal to the distance A L. 
Then starting with frequencies less than this, the re- 
fractive index increased as the number of vibrations 
increased, which was in accordance with the general 
law. When, however, the critical value L was ap- 
proached, the index went up enormously, as indicated 
by the curve to the left of L, and at the critical fre- 
quency would be infinite were it not for losses of 
energy in friction and the like. After passing the criti- 
cal value, the index, Prof. Thomson stated, died right 
down, as indicated. A negative value of the index 
would, he said, imply that the light was not able to 
get through at all, but was all reflected. Actually in 
the neighborhood of K, the index was exceedingly 
small, but after this point it began to increase again, 
but still remained always much smaller than on the 
left of the vertical through L, that region correspond- 
ing to the electric waves in water, and the region on 
the right to light waves in the same medium. 


Pak 


Frequency L K 


The arrangement of Prof. Wilberforce’s model was, 
Prof. Thomson said, represented in Fig. 2. The model 
consisted of a number of balls fixed on a horizontal 
Wire and held down to the lower bar of the frame by 
ties. while springs between them and the upper of the 
frame, as indicated, tended to keep all the balls in the 
Plane of the frame. The ties connecting the balls 
‘0 the lower bar were in the case of one-half of the 
Model simple wires, while in the case of the other 
half these were replaced by wooden frames, each fur- 
nished with a little pendulum, as shown. This latter 
half of the model represented a medium showing 
{lomalous dispersion, while that in which the ties 
Were simple wires represented the air. All the pendu- 
lums Were of the same length and vibrated in the same 
‘ime. \Vhen a slow horizontal vibration was given to 
the bal! on the extreme left of the “air” series, Prof. 
Thomson showed that this vibration passed through 
the Whole series, the horizontal wire on which the 
talls Were strung taking a wave form, the wave-length 
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being shorter in the “anomalous” portion of the model. 
As the speed of vibration was increased, this wave- 
length became still shorter, the effect being the same 
as an increase of yu, the refractive index, in the case 
of light. At a certain critical speed, the lecturer 
showed, the wave disappeared entirely in the “anoma- 
lous” section, no wave at all being transmitted through 
it, though the first ball of this series vibrated widely 
in response to the impulses received. On further in- 
creasing the speed of oscillation beyond the critical 
value, the wave-length was greater in the second por- 
tion of the model than in the first.. Prof. Thomson 


az: 


pointed out that in this case the pendulums swung in 
the opposite direction to the balls to which they were 
attached, while with speeds of vibration less than the 
critical the ball and its pendulum both swung in the 
same direction. 

Prof. Wood, of Baltimore, the lecturer proceeded, had 
shown an analogous experiment with light. This was 
based on the principle that sodium vapor had some 
system which could vibrate with the speed of sodium 
light. If, accordingly, light of a little slower speed 
of vibration were passed through sodium vapor, the 
refractive index should be abnormally high; while 
if, on the other hand, the light passed through was 
of slightly higher pitch, it should hardly be refracted 
at all. If, the lecturer said, the light from an are 
lamp were thrown through a prism on to a screen giv- 
ing a horizontal spectrum, and a second prism at right 
angles to the first were interposed, this latter would 
throw up each ray of the original spectrum by an 
amount proportional in each case to the refractive in- 
dex of the prism for that light. In place of the second 
prism Prof. Wood used a_ horizontal tube fitted 
with transparent ends, and containing metallic so- 
dium. On heating this tube the sodium was vapor- 
ized, and as the vapor was denser near the bottom 
than the top, the arrangement formed a kind of 
prism. Repeating the experiment, Prof. Thom- 
son showed that a dark space appeared in the spec- 
trum at the position of the sodium lines, and that on 
the red side of this space the rays were bent up into 
a horn, while on the other side of the dark band 
a negative horn was to be seen, as indicated in Fig. 3. 

If, then, he proceeded, water contained systems hav- 
ing frequencies nearly that of the long electric waves, 
the slowness of the latter in this medium would be 
explained; but the fact was very interesting and ex- 
traordinary that the complexes in question must have 
a time of vibration very large as compared with ordi- 
nary molecules. As he had mentioned in his previous 
lecture, Dewar and Fleming had shown that it was 
possible to remove these systems by sufficiently low- 
ering the temperature, and this done, water would 
transmit the long waves at nearly the same speed 
as light. 

Hitherto in these lectures, Sir Joseph continued, 
he had been trying to establish the electromagnetic 
theory of light by means of experiments showing that 
electric waves acted like light waves, and this seemed 
the easiest method of approach; but it was historical- 
ly incorrect. The electromagnetic theory of light 
had not been discovered, or even .suggested, by ex- 
periment, but had arisen from the work of Maxwell 
in his study, rather than in his laboratory. He wished 
now to try to give an account of the principles which 
had at first led to the conclusion that electrical effects 
traveled with the velocity of light, though he was 
afraid the subject was a little difficult. To, simplify 
matters he would use a method of approaching the 
subject different from that of Maxwell, who had made 
great use of the idea of displacement currents. This 
conception was not, however, easy to grasp. Indeed, 
Hertz had declared that Maxwell’s theory consisted 
simply of Maxwell’s equations, viz.: 

Curl of electric foree—time rate of decrease of 
magnetic force; and 


Curl of magnetic force — 4 r times the current pass- 
ing through the circuit. 

On the other hand, the lecturer proposed to make 
use of the conception of lines of force, a method per- 
haps particularly appropriate to the Royal Institution, 
since the idea originated there with Faraday. These 
iines were drawn so that they coincided at every point 
of space with the direction of the force there. Thus 
conceived they were descriptive rather than metrical, 
but it was possible to extend their meaning so as to 
endow them with metrical properties. The lines al- 
ways started from a positively-electrified body. Tak- 
ing those originating in a small portion of the body 
having spread over it a unit charge, these lines would 
form a tube of force, which extended through space 
and consisted always of the same lines. Such a tube, 
originating in a unit quantity of positive electricity, 
might be called a unit-tube, and the whole of the 
system of lines might be done up into unit bundles 
of this kind. By ascribing physical properties to these 
tubes, Faraday was able to explain various properties 
of electrified bodies. He assumed that the lines were 
in a state of tension in the direction of their length, 
and that a repulsion existed neighboring 
lines. Thus the lines stretching between a positively- 
electrified and a negatively-electrified body, as in 
Fig. 3, bulged out as indicated, due to their mutual 
repulsion, while the tension along the 
the attraction of the two bodies. 

Faraday, however, only considered the case of the 
tubes of force When at rest, while the fundamental 
point in Maxwell's theory was what happened when 
the tubes were moving. Following out the idea that 
a magnetic force was produced when the tubes 
moved, there must be an interconnection between the 


bet ween 


lines caused 


magnetic and the electric forces. The fact that the 
magnetic force arose from the motion of tubes of 
electric force supposed, in short, some definite rela- 


tion between the magnetic force and the moving tubes. 
There were definite experimental bases for the belief 
that tubes of moving electric force gave rise to mag- 
netic force. Thus, in Rowland’s famous experiment, 
an electrified disc set in rotation produced a mag- 
netic field. This fact had been denied a few years. 
ago, but a repetition of the experiment showed that 
Rowland was quite right. What happened in this 
experiment was merely that the lines of electric force 
were being moved, and these, as stated, gave rise to 
a magnetic field. To take another case: If two plates 
forming a condenser were charged, one positively and 
the other negatively, the lines of force extended from 
one to the other across the interspace. Such a charged 
condenser showed no magnetic effects, but on con- 
necting the two plates by a conductor the lines of 
force rushed round to go into the wire, and a mag- 
netic field was produced between the plates, the di- 
rection of which was at right angles to the lines of 
electric force, and also to their direction of motion. 
If N denoted the number of unit tubes of force, and 


~ 


Violet 


i the current, while v denoted the velocity of the 
lines, then 


The motion of the lines would produce a magnetic 
force which varied with the velocity and the number 
of lines in motion. If H denoted the magnetic force, 
and @ the angle between the line of electric foree 
and its direction of motion, then 

v sin @. 

Any movement whatever of the lines of electric 
force implied a change in the magnetic force. If 
the electric force varied in any part of the field, this 
must be represented by a change in the lines of elec- 
tric foree—that was to say, by a movement of these 
lines, and it was in this way that the idea of a dis- 
placement current came in. The assumption that an 
alteration in the electric field was equivalent to a 
motion of the lines of force was, in fact, the essence 
of the electro-magnetic theory of light. 

Various rules had been given, Sir Joseph continued, 
for memorizing the direction of the magnetic force 
relatively to the lines of the electric force and to 
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their direction of motion. One frequently employed 
was based on placing the thumb and the first two 
fingers of the hand at right angles to one another. 
in attempting to remember, however, which finger 
represented which, he found himself much in the posi- 
tion of the centipede described by Lewis Carroll, as 
follows: — 

“The centipede was happy quite until the toad in fun 
Said, ‘Pray, which leg comes after which?’ 
This wrought his mind to such a pitch, 

He lay distracted in a ditch, 

Considering how to run.” 

The so-called corkscrew rule suited him much 
better. This might be expressed as follows:—Push 
the hand along the direction of the current and 
twist it round as if using a corkscrew, then the direc- 
tion of the twist was that of the lines of the magnetic 
force. 

A magnetic field possessed energy, the amount being 

equal to——— H*, or as H was equal to 4 7 N wv sin @, 

this energy might be expressed as uw (4 # N v sin @)*. 


&8 

The number of units of energy obtained in the mag- 
netic field depended therefore on the direction of the 
motion, and was a maximum when the lines of elec- 
tric foree were at right angles to the direction of 
their motion. An analogous case arose in the motion 
of an elongated body through a fluid. The energy ~-tn 
the medium depended then upon whether such a body 
moved point foremost or broadside on. In such cases 
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the principles of mechanics showed that there must 
be forces tending to make the bodies point in a def- 
inite direction. Elongated bodies placed in a moving 
fluid tended, in fact, to set themselves at right angles 
to the line of motion. For example, falling leaves in 
autumn never came down with their faces vertical, 
but fluttered down broadside on, so as to create as 
much disturbance as possible in the medium. The 
lines of electric force, Professor Thomson continued, 
acted in exactly similar fashion, tending to set them- 
selves at right angles to their line of motion. This 
tendency could be represented by an electric force act- 
ing on them in the sense required. This force was 
equal to the magnetic induction multiplied by the 
speed of the electric force, and was itself directed at 
right angles to the magnetic force and to the direc- 
tion of motion. Owing to this, lines of electric force 
far away from charges were always at right angles 
to their direction of motion, and thus in such cases 
the electric force, its direction of motion, and the 
magnetic force were mutually at right angles to each 
other. 

The expression for H then reduced to 

H=—47Nv. 

While if X denoted the electric force, this was 

equal to B v, where B was the magnetic force, or 
H, 

where » was the magnetic permeability. 

Further the number of lines of electric force was 
given by the relation 

k 
N——X, 
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k being the specific inductive capacity of the medium, 
Substituting for X, we got 


k 
4n 
but since 
this gave 
Ho. 
Whence 
1 
—. 
ku 


Hence the lines of electric force traveled at a def. 
inite speed equal to the square root of the produet 
of the specific inductive capacity and the magnetic 
permeability of the medium. To obtain numerical 
results these two quantities must be expressed in 
the same system of units, and to find the proper 
value for k in the above equality it. was necessary 
to determine the ratio of the units of an electric 
charge expressed in the electrostatic and in the elee. 
tromagnetic systems respectively. 

Maxwell had results of experiments on this head, 
and could caleulate k yw, and he then found that 

1 

~==v*, where v denoted the velocity of light. This 
kp 
fact suggested the electro-magnetic theory of ‘ight 
which was thus based on purely electrical consi:era- 
tions, and not the observed behavior of electric and 
of light waves. 

(To be concluded.) 


THE “MICO” RECIPROCATING METER 


MEASURING A PISTON’S TRAVEL 


In pump work, the ordinary revolution or stroke 
counters are not capable of giving very accurate re- 
sults for the reason that the length of the stroke is 
subject to change due to fluctuation in duty. There is, 
then, a large field of usefulness for a device which is 
capable of measuring the total distance traveled by 
the piston, regardless of the number of strokes made. 

The “Mico” reciprocating meter measures the total 
distance traveled by any reciprocating part, and is 
adaptable to engines and elevator machinery as well 
as to pumps. By its use a variety of information is 
obtainable which, in many cases, under other circum- 
stances, could only be very roughly estimated. For 
instanee, in pump work, the cubic feet of piston dis- 
placement for any given period can be computed sim- 
ply by multiplying the meter reading, which is in feet, 
by the pump-piston constant. In elevator work, the 
total car mileage can be figured in much the same 
way irrespective of the lengths of the individual trips. 
The meter, by giving the actual distances traveled, 
makes is possible to keep a record of the life and 
durability of such parts as pistons, rods, rings and 
valves, and accessories such as lubricants and 
packings. 

In Fig. 1 is shown.a sectional plan view of the 
meter. The actuating cable runs over a sheave which 
is keyed to the main shaft. Integral with the main 
shaft is a disk adjoining the gear A. The rollers 0 
in sets of three on either side of the disk run in wedge- 
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Fie. 1.—SECTIONAL PLAN VIEW OF METER. 


shaped races, and are forced outward by the spiral 
springs. Gear wheels A and D (Fig. 1) are free to 
rotate about the main shaft and mesh with pinions Z 
and G, which in turn mesh with each other. By this 
arrangement it will be seen that the rollers C engage 
the inside of the flange of either G or EB, depending 
upon the direction in which the main shaft is rotated, 


and force it to rotate in unison with the same. But 
by the arrangement of the pinions the shaft that car- 
ries the gear wheel G always revolves in one direction 
no matter in which direction shaft rotates. The shaft 


Fig. 2.—DIAGRAM OF THE APPLICATION OF 
THE METER TO A STEAM PUMP. 


which carries the gear G actuates the pointer on the 
dial by means of a worm gear and bevel gears, while 
the numerals are driven through the train of gears 
shown in the bottom of Fig. 1 at the extreme right. 

In Fig. 2 is shown diagrammatically the manner in 
which the meter is applied to a steam pump whose 
stroke does not exceed 48 inches. The meter may be 
attached directly to the car itself with equal facility. 

Where the travel does not exceed 4 feet, as for in- 
stance in pump, compressor and engine work, the 
meter may be driven by means of a single cable in- 
stead of the double continuous cable shown in the 
previous case. The return motion of the cable drum 
is secured simply by attaching the spring box shown 
in Fig. 1, which engages the cable drum. 

In Fig. 3 is shown an exterior view of the meter 
with spring-return box attached to the back of the 
scored cable drum. All the moving parts are inclosed 
in a rugged casing, thus making the meter self-con- 
tained, dust-proof and. to a large extent fool-proof. 
The meter is self-oiling. There are eight places on the 
registering dial which repeats at one hundred million; 
thus the meter is capable of recording very nearly 
19,000 miles consecutively. 


CRYSTALS OF HEMOGLOBIN. 

Tue red corpuscles of the blood of vertebrates de- 
rive their color from an albuminoid substance called 
hemoglobin, which contains iron and sulphur. Hemo- 
globin has a great affinity for oxygen (1 gramme of 
hemoglobin absorbing 1.58 cubic meters of oxygen) 
with which it forms a very unstable compound. Hemo- 
globin plays an important part in the process of respira- 
tion by transporting oxygen from the lungs to the 
living cells of the entire body. 

By the use of complicated methods it is possible 
to isolate hemoglobin, to dissolve it, and even to crys- 
tallize it. In this last respect hemoglobin differs 
from all other albuminoid substances.- The crystals 
of hemoglobin are dichroitic and of forn.s which vary 
with the animal species from which they are derived. 
These forms include long needles, tetrahedra, hex- 
agonal plates, etc. Dr. Edward Tyson Reichert, of 


Philadelphia, has endeavored to classify and identify 
the hemoglobin crystals of various vertebrates. His 
experiments were extended to 2,800 living aninials, 
and the crystals obtained were reproduced in a series 
of microphotographs. From the material thus col- 
lected Dr. Reichert endeavors to retrace the series 
of evolution, and to measure the degrees of relation- 
ship existing between man, the anthropoid apes, the 
lemurs, the lower vertebrates and even the crustaceans 
(for hemoglobin exists also in the blood of many in 
vertebrates, although it is there dissolved in_ the 
plasma and is not concentrated in living corpuscles). 

Crystals of hemoglobin obtained from the blood of 
a white man are narrow rectangular columns, and those 
obtained from the orang-outang present very similar 
characteristics. The crystals obtained from nezroes 
and gorillas, on the contrary, are short and thick. In 
like manner, the forms of the hemoglobin crystals 
indicate the close relationship existing between the 
domestic cat and the African lion, and between the 
horse and the mule. 

According to Dr. Reichert, the systematic examina 
tion of these crystals may be useful in medico-legal re 
searches, in determining whether a drop of blood 
has been derived from a man, a woman, a child, an 
adult, an old person, a white man, or a negro. 


As an outcome of the demonstrations in rescue werk 
in coal mines being made by the United States Geo 
logical Survey at its experimental stations, four 
similar stations for the training of miners in rescue 


Fie. 3.—THE POSITIVE DRIVE TYPE OF THE 
“MICO” RECIPROCATING METER. 


work have recently been established by the Dig 
coal companies of the United States, and plans fot 
several more are being considered. The most complete 
of these private stations is, perhaps, that of the Frick 
Coke Company, which employs 30,000 men. Here sit 
men are being trained in the use of the oxygen he!met, 
being given daily drill in an air-tight room filled with 
irrespirable gases. 
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STEAM TURBINE S—IIL’ 


THEIR DEVELOPMENT DURING THE LAST TWENTY-FIVE YEARS. 


BY GERALD STONEY, B.E., M.INST.C.E., M.I.E.E. 


Ix the last two lectures a description was given 
of, firstly, the lines on which steam turbines are 
constructed and designed, and secondly, their various 
applications on land. 

In this lecture some account is given of the great- 
est development in the application of the steam 
turbine, that is, to the propulsion of ships. 

Th: large and increasing amount of horse-power 
and the greater size and speed of the modern en- 
gines tend toward some form which shall be light, 
capalle of perfect balancing, and economical in steam. 
The marine engine of the piston type does not ful- 
fill these requirements. In January, 1894, a pioneer 
syndicate was formed to explore the application of 
the s'eam turbine to marine propulsion. It was 
deen d expedient, for reasons of economy and also 
of time (as many alterations were anticipated), to 
build as small a vessel as possible, but not so small 


as t) preclude the attainment of an unprecedented 
rate of speed. The “Turbinia’” was constructed, her 
dimesions being 100 feet in length, 9 feet beam, 
3 fect draught of hull, and 44 tons displacement. She 
was (itted with turbine engines of 2,000 actual horse- 
powers with an expansive ratio of 150-fold, also with 


a woter-tube boiler of great power and of the ex- 
press small tube type. The turbine engines consisted 
of three separate turbines—a high pressure, an in- 
term: diate, and a low pressure—each driving one 
sere’, shaft independently. To the low pressure on 
cent'r shaft the reversing turbine for going astern 
was :lso coupled, and on each shaft were keyed three 
prop:ilers of small diameter and of normal pitch ra- 
tio. This arrangement was found to be the best 
after many trials. The maximum indicated horse- 
power that has been obtained on runs of about five 
miles duration has been 2,500, giving a speed of 
344% knots, but a speed of 31 knots can be maintained 
for about two hours’ duration, and since she -was 
completed she has run several thousands of miles, 
sometimes in very heavy seas, and the main engines 
have never caused a moment’s anxiety, nor have any 
repairs to them been necessary. But before this result 
was vbtained a great deal of trouble had been given 
by the phenomena of cavitation, which is the vacuum 
left behind the blades of a screw propeller if it is 
forced too hard through the water. If we put a stick 
into water and move it slowly, the water follows up 
the stick and closes in behind it, but if we move it 
too violently a space is formed in the water, as it 
cannot close in behind the stick fast enough. The 
same thing oecurs in screw propellers if the forces 
applied to them are too great. Mr. Parsons investi- 
gated this in a very beautiful way by allowing an 
intermittent beam of light to fall on a model propeller 
at one part of its revolution, so that it seemed as if 
ii were standing steady, and thus the cavities about 
the blades could be clearly seen and photographed. — 

Thus it will be seen that after three years’ hard 
work and many failures the “Turbinia’” was completed, 
and in her the problem of adapting the turbine to 
work a serew propeller was worked out and, like 
almost everything else in engineering, resulted in a 
compromise. 

The screws were made of small diameter and with 
broad blades so as to avoid cavitation and yet revolve 
as quickly as possible, and the turbines were made 
short and of large diameter so as to revolve as slowly 
48 possible. In order still further to make them adapt 
themselves to one another each shaft was fitted with 
three screws sufficiently far apart to prevent serious 
interference, and thus each screw had only to absorb 
one-third of the power transmitted by the shaft; and 
also the turbine was divided into three—a high pres- 
Sure, an intermediate, and a low pressure—so that 
there was only one-third of the expansion in each. This 
enabled the drums to be made short and of large diam- 
eter, and yet have a good height of blade so as to 
Mininiize leakage. 

In the first lecture it was shown that for any given 
amount of e..pansion and a given velocity ratio, a cer- 
tain spindle volume was necessary for good economy. 
By thus dividing up the turbine into three parts each 
had only one-third of the total volume, and at the 


Same time the blades were three times as high as if 


there were three separate turbines, each with drums 
of the same diameters as the divided ones. Also, since 
the expansion in each is moderate, there is no need 
© ste} the drums, and thus they are cylinders of one 
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diameter only, very short and stiff, and enabling fine 
clearances to be used. 

The total result was that the weight was probably 
about one-third and the leakage one-quarter of what 
there would have been with three separate turbines, 
each having.the full expansion carried out in it, and 
it was this dividing up of the turbines that more than 
anything else made the “Turbinia’” the success she 
was. A-separate stern turbine was fitted on the center 
shaft for going astern. After the “Turbinia,” the 
“Viper” and “Cobra,” torpedo-boat- destroyers, fol- 
lowed, but the next great step was the introduction 
of the turbine into the mercantile marine. ° 

Many conferences were held between Mr. Parsons, 
Mr. Archibald Denny, and Capt. John Williamson, and 
finally, as a result, the “King Edward” was built in 
1902 at Dumbarton, the engines being made by the 
Parsons Marine Steam Turbine Company, of Wallsend. 


than .n the case of similar vessels with reciprocating 
engines; also the cost of oil, which generally amounts 
to something like 5 per cent of the coal bill, was re- 
duced to well under 1 per cent and at the same time 
the upkeep of the machinery was found to be very ° 
small and it was most reliable. Vibration was also 
less, and the necessary engine-room staff much re- 
duced. 

The success of the “King Edward,” together with 
that of the “Viper” and “Cobra,” led the Admiralty 
te have turbines fitted into one of four third-class 
cruisers, and the vessel chosen was the “Amethyst.” 
Extensive trials were carried out between her and her 
sister ship, the “Topaz,” with reciprocating engines, 
each being 350 feet long and of 3,000 tons displace- 
ment. The turbine engines were similar to those 
described in the case of the “King Edward,” only 
cruising turbines were added to give better economy 
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Fie. 16—PLAN OF PARSONS HIGH-PRESSURE MARINE TURBINE. 


(Upper half, sectional elevation ; lower half, external view.) A, cylinder ; B, rotor; c, balance piston ; D, bearing ; E, adjusting block ; 
F, steam-packed glands; G, worm for actuating governor; H, exhaust to low-pressure turbine ; 1, steam inlet ; J, turbine drain - 
K, ofl inlet ; L, oil drain ; M, byeepass connections; N, boss for relief valve. 
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Fig. 17.—PLAN OF PARSONS LOW-PRESSURE MARINE TURBINE. 


(Upper half, sectional elevation ; lower half, external view.) A, cylinder; B, rotor ; C, ahead balance piston; D, astern balance piston ; E, bear- 
ing; F, adjusting block; G, steam-packed gland ; H, worm for actuating governor; J, low-pressure turbine steam inlet from high- 
pressure turbine; K, astern turbine stern inlet; L, exhaust to condenser; M, low-pressure maneuvering steam inlet; N, turbine 


drain; O, oil inlet; 


The arrangement of the turbines was altered con- 
siderably from that of the “Turbinia” in order to get 
increased maneuvering power. Three shafts were still 
retained, with two screws on the wing shafts and 
one on the center shaft, which revolved at rather 
lower speed; but, instead of all the three turbines 
being in series, the steam passed first through the 
center high pressure one, and then was divided be- 
tween two low pressure turbines, port and starboard. 
In the same casing as these low pressure turbines, 
and at the exhaust end, the stern turbines were in- 
corporated. Such turbines are shown in Figs. 16 and 
17. This gave much better maneuvering power than 
with the arrangement in- the “Turbinia,” as when 
maneuvering the high pressure turbine was cut out 
and steam admitted direct to either or both of the 
low pressure turbines or to the stern turbines, thus 
giving as good maneuvering power as in the case of 
a twin-screw ship with reciprocating engines. 

The success of the “King Edward” was the starting 
point for the success of the turbine in the mercantile 
marine for ships above 18 knots, and it may be worth 
while to consider in what that success consisted. 

At sea as well as on land one of the most important 
questions is coal consumption and it was found by 
Messrs. Denny that this was some 20 per cent less 


P, oil drain. 


at low speeds, while the reciprocating engines were 
of the usual triple expansion, Admiralty type. The 
result was that at all speed above 14 knots the turbine 
was the more economical, being 15 per cent better at 
18 knots, 31 per cent better at 201% knots, and 38 per 
cent better at 22.1 knots. At full power on the same 
coal consumption the “Amethyst” with the turbine 
engines developed 42 per cent more power than the 
“Topaz,” while on the specified coal consumption the 
speed was 23.6 knots, as against 21.1 knots, or 2%4 
knots more, representing an extra power of about 37 
per cent. Another way of looking at the results is 
that at 20 knots the turbine ship has a radius of 
action of 3,600 nautical miles, while that with a 
reciprocator has only a radius of action of 2,000 nau- 
tical miles, or little more than half. 

With cross-channel boats it has been found that 
the turbine vessels use 25 per cent less coal per pas- 
senger and travel two knots faster than those with 
reciprocating engines, and the “Lusitania” has been 
shown by Sir William White to be 16 per cent more 
efficient than the great German reciprocating liners. 

Nineteen hundred and six was a notable year in 
the history of the marine steam turbine, for in it two 
great events occurred—the Admiralty decided to fit 
turbines in all new fighting ships, and the commission 
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appointed to consider the question of the 25-knot At- - 


lantic liners to be built by the Cunard Company de- 
cided on turbines instead of reciprocating engines for 
these great vessels. 

The Admiralty went up from the 15,000 horse- 
power of the “Amethyst” to the 23,000 horse-power of the 
“Dreadnought” and the 41,000 horse-power of the “In- 
domitable”—a gradual rise, it is true, but a great one 
when one considers the large number of vessels in- 
volved and that it affected practically the whole ship- 
building programme of Great Britain. 

The Cunard Commission went up from the 8,000 
horse-power of the cross-channel “Queen” to the 70,- 
000 horse-power of the “Mauretania” and “Lusitania” in 
a single step, a thing requiring the greatest courage and 
confidence on the part of the late Lord Inverclyde and 
the rest of the Cunard Company, for there was always 
the great danger of building another “Great Eastern,” 
and having a huge “white elephant,” as Brunel had 
in the middle of the last century. How successful these 
ships have been has been proved by the recent trip of 
the “Mauretania,” in which she crossed the Atlantic in 
less than 4% days at an average speed of just 26 
knots. 

In these Cunarders each low pressure turbine weighs 
about 300 tons, is some 50 feet in length and 17 feet 
6 inches in diameter. In the “Queen” they were only 
25 tons weight, 20 feet long and 6 feet in diam- 
eter. 

Such a departure necessitated the most careful can- 
sideration of the effect of expansion on the various 
parts and of the deflections due both to difference of 
temperature, stresses due to rolling and pitching at 
sea, and the weight of the structure, for in engineer- 
ing there is more danger in going from a small struc- 
ture to a large than in anything else, as stresses go 
up in all directions and the whole tends to become 
relatively less rigid. 

In these vessels on account of their great size it 
was decided to have four shafts, both to reduce the size 
of the turbines and to give increased reliability in 
case of accident. Thus each side, port and starboard, 
is complete in itself, having a high pressure and a 
low pressure turbine on separate shafts, and to reduce 
the size of the low pressure turbine the arrangement 
in the “Turbinia” was reverted to of separate stern tur- 
bines fitted on the high pressure shafts, which in this 
instance were the wing ones. 

How effective this was will be seen when it is re- 
membered that when the “Mauretania” lost a screw in 
consequence of striking some wreckage in the Atlantic 
she was still enabled to run the rest of the season 
with one turbine out of action at a loss of speed of 
only about two knots, and when a further accident 
caused the loss of another screw she still was en- 
abled to cross the Atlantic at a fair speed. This 
seems to be about the greatest test that the reliability 
of these great ships could be put to. 

In the case of warships also, especially of large 
size, a similar arrangement of four shafts is adopted, 
and such an arrangement has the great advantage that 
each set of engines is completely independent of the 
other, and thus, although one may be disabled by gun 
fire or torpedo, the other is unaffected, a condition 
which it is not possible to arrange with three shafts 
as in the case of the “King Edward,” “Amethyst,” etc. 

Some greater economy might be attained both in 
weights of the turbines and in steam consumption by 
having instead of two high pressure turbines, a high 
pressure and an intermediate, exhausting into two 
low pressure turbines as before; but the advantage 
thus gained is partly counterbalanced by the loss of 
complete independence of the two sets of engines, 
most necessary for maneuvering, and the complication 
in the pipe arrangement. However, such arrange- 
ments are likely to be adopted in many cases in the 
near future. 

During the last twelve years there has been a dis- 
tinct improvement in the steam consumption of tur- 
bine ships. 

In 1897 the “Turbinia” consumed 16 pounds per 
shaft horse-power. 

In 1901 the “King Edward” consumed 16 pounds per 
shaft horse-power. 

In 1907 the “Lusitania” consumed 12 pounds per 
shaft horse-power. 

In 1907 the “Mauretania” consumed 11% pounds per 
shaft horse-power. 

The last figure represents about 69 per cent of the 
energy available in the steam, according to Rankine’s 
Cycle, and it is worth considering both where the in- 
crease in economy has taken place and what increase 
is possible in the future. 

Part of the improvement is due to increased size, 
which as a rule under similar condition gives more 
economy, because of the reduction in the ratio of 
clearance to length of blade, and consequent reduc- 
tion of leakage. Part also has been due to improve- 
ments in manufacture and design, especially in the 
direction of better vacua. Increase in the steam pres- 
sure above, say 120 to 150 pounds at the turbines, ag 
@ rule, improves the efficiency of the turbine only a 


r 


little, and adds to the weight not only of the turbine, 
but also the boilers, steam pipes, etc. More can be 
done at the lower end of the range of expansion, that 
is, by improving the vacuum. In the first lecture it 
was shown that between a vacuum of 25” and 26” 
or between 26” and 27” (barometer, 30 inches) there 
was a gain of about 4 per cent, between 27” and 28” 
5 per cent, and between 28” and 29” 6 to 7 per cent, 
or that about 3 deg. F. difference in the condenser 
temperature meant a gain of 1 per cent. In the im- 
proved condensers described before, the temperature 
difference between the water leaving the condenser and 
the steam may be as low as 5 deg.-or 6 deg. F., and 
this with such high rates of condensation as 12 to 14 
pounds per square foot; and it is in the direction of 
more generally adopting such types of consenser as 
give the highest vacuum that one source of extra 
economy is to be looked for. 

Another direction is the introduction of super- 
heated steam for marine work as well as land work, 
but here the practical difficulties have not up to the 
present been satisfactorily surmounted. It is, how- 
ever, quite possible that with improved arrangements 
and materials these difficulties may be got over in the 
future. 

The application of the steam turbine to the pro- 
pulsion of slow-speed ships, that is, ships of below 
15 to 18 knots, has up to the present been difficult 
owing to the low speed of revolution of the screws 
making the turbines large and heavy, as well as not 
economical. This difficulty has now been got over 
by the use of an arrangement patented by Mr. Par- 
sons some years ago, viz., the combination of recipro- 
eating engines and exhaust turbines, similar to what 
was described before for land work. Here each util- 
izes the part of the expansion for which it is best 
suited—the reciprocating engine for the high pres- 
sure part of the range, and the turbine for the low 
pressure where the volume of steam is large. The 
reciprocating engine, as explained before, is not eco- 
nomical for low pressures and large volumes, and the 
steam turbine, especially when the rate of revolution 
is small, is large, heavy, and uneconomical for high 
pressures and small volumes; but the turbine for low 
pressures, even at low revolutions, is an exceedingly 
economical heat engine. Thus the combination is 
more economical than either alone. 

Many arrangements are possible, but probably the 
best is to have twin reciprocating engines port and 
starboard as in an ordinary twin screw ship, both 
exhausting at somewhere about 9 or 10 pounds abso- 
lute into a turbine, driving a center shaft. Under 
these conditions the power in each shaft is about 
equal, and for maneuvering, the reciprocating engines 
alone are used, just as in the ordinary three-shaft 
turbine arrangement the low pressure turbines are 
used. 

The first ship to be fitted thus is the “Otaki,” built 
and engined by Messrs. Denny, who are again taking 
the lead, as they did in the case of the “King Ed- 
ward.”- She is of 8,000 tons displacement, and at 13 
knots sea speed requires only 5,000 horse-power. With 
200 pounds pressure and without superheaters being 
fitted, the very low consumption of 12.3 pounds steam 
per shaft horse-power for all purposes was attained on 
trials, and better results are expected after more ex- 
perience is gained in the working of the ship. But 
even this trial consumption is better than that which 
could be attained by the use of either reciprocatirg 
engines or turbines alone. 

It is interesting to note that in the early days of 
the screw propeller the greater difficulty was to make 
the engines run fast enough for the screw, and spur 
gearing was adopted in many cases in the first half 
of the last century. Gearing has been entirely 
dropped for the last fifty or sixty years, but now the 
difficulty in many cases is to make the turbine run 
slow enough for the screw, and once more gearing is 
being considered so as to make the turbine adaptable 
for use in slow speed steamers which, after all, con- 
stitute by far the greater part of the shipping of the 
world. 

The combination system described above does this, 
but gearing a high speed turbine to a slow speed 
screw would also accomplish what is needed., 

Eighty years ago there was nothing but primitive 
spur gearing, with generally wooden teeth in one mem- 
ber, but now we have steel gears accurately cut by 
modern machinery, often with helical teeth, and run- 
ning in oil baths. Chain gears of some form are also 
promising, as well as various forms of electrical and 
hydraulic gear. The electrical gearing is especially 
promising, one or more turbines with dynamos or 
alternators, practically identical with those used on 
land, being employed to drive one or more motors on 
the screw shafts at reduced speeds of revolution. 
Again, in the combination system of reciprocating en- 
gine and turbine, the exhaust turbine may be a high 
speed one, driving a motor on the shaft of the recipro- 
eating engine instead of a screw on its own shaft. 

Such questions are now receiving much attention, 
and may result in all the steamships 9f the world 
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being wholly or partly turbine-driven, instead of only 
those vessels of comparatively high speed. 

At the present date there are about 120 vessels acty. 
ally on service fitted with turbines, representing about 
1,250,000 horse-power, and these comprise practically 
all the high-speed ships which have been recently built. 
Some 70 more are under construction, representing 
another 1,000,000 horse-power, or a total of 2,250,009 
horse-power, and the curve of progress as yet shows 
no sign of saturation. 

And now I have given you a short review of the 
position of the steam turbine at present. What the 
future may bring forth it is difficult to say. It hag 
taken 200 years to bring the reciprocating engine to 
its present high state of efficiency; the steam turbine 
in a practical form is only 25 years old, and already 
has in many instances proved its superiority to its 
older rival. What may be the motive power of the 
future it is difficult to say. At present coal and water. 
falls are the two great sources of motive power in the 
world; a minor one is the force of the wind, but 
largely on account of its uncertainty it is only of small 
importance. Another is the heat of the sun, but the 
utilization of this directly has not been made practical 
as yet. But it is from this heat of the sun thai we 
derive the power in our coal; in fact, the energy of 
the coal is the power of bottled sunlight which shone 
thousands of years ago, and there is more truth ‘han 
is generally thought in Dean Swift's idea in “Gulliver's 
Travels” of tne Laputans bottling sunlight in cu- 
cumbers. This electric light above us is really the 
sunlight which fell on the forests of the coal pcriod 
many thousands of years ago. In this country we have 
little water-power. But the process of using coal to 
produce steam, and the steam to drive an engine, isa 
very wasteful one. In the very best steam engines 
only about 12 per cent of the energy of the coal is 
converted into work, the other 88 per cent is wasted 
in the losses in the chimney, by radiation, from fric 
tion, and, above all, in the condenser. This last is 
inevitable, owing to what is known as the second law 
of thermo-dynamics. It would take too long to-night 
to explain how it is inevitable. Slightly greater ef- 
ficency can be obtained by gas engines, but up to the 
present practical difficulties have prevented their 
adoption on a large scale. One way to get over this 
difficulty would be to form a battery using coal! in- 
stead of zinc, and to convert the energy of the coal 
directly into electricity without the intervention of 
boilers, steam engines, and dynamos. How to do this 
has, however, still to be determined. But, as pointed 
out by the late Prof. George Fitzgerald, there is a 
great source of energy in the air round us, if we 
could only tap it and turn it to the use of man. ‘This 
could be done by the “Sorting Demon” pictured by 
Clerk Maxwell. The second law of thermo-dynamics 
is only true for masses of molecules, and it may be 
possible that in the future we may find some way of 
harnessing the quick-moving molecules of the air, and 
letting the slow-moving ones go by. If we found out 
some such apparatus, we should be able to utilize for 
the service of man the energy of the atmosphere with 
out the consumption of coal or other fuel. And if we 
look back on the advance made in the last 100 years, 
who will say it is impossible? Fancy our great grand- 
parents in the “Flying Scotchman” traveling at the 
rate of 60 miles an hour. What would they think 
when a telephone was put to their ears, or a grame 
phone was set going? What would be the effect on 
a stage coach if it met a bicycle or a motor car? Still 
more, if an aeroplane arrived? Some of these things 
would have been declared impossible even within the 
memory of many of those here present. 


It is reported in the Electrical Engineer that the 
United States Navy is sending emissaries to the mant 
facturing centers on the look out for promising youns 
electricians for warship service. Now that practically 
every kind of labor in the navy is accomplished with 
the aid of electricity the demand for skilled men is 
constantly growing, and as an unusually large number 
of vessels is to be put in commission this and next year 
the demand for electricians of suitable age, charactef 
and physique is so greatly in excess of the supply that 
the Naval Authorities are offering exceptional induce 
ments to young men to join the service. The minimum 
rate of pay offered to young men works out at «bout 
32s. per week, and rises pretty quickly to £4, and i 
the higher grades to £8 per week, while promotio 
goes on as far as the post of rear-admiral. Young me 
ambitious to become electrical experts, but lacking the 
necessary funds for technical training, are given over! 
advantage by the Naval Authorities. They are set! 
to the school in the New York Navy Yard for « five 
months’ course of instruction, and not only r:ceiv 
their tuition free, but are paid a small sum in add: 
tion, and upon graduation are immediately placed i 
lucrative berths. With the easy method of starting i 
the service and prospects of advancement, an unusuallJ 
fine grade of men is enlisting in the United States 
Navy. 
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HOME-MADE VINEGAR 


SIMPLE WAYS OF MAKING A USEFUL CONDIMENT. 


VinecaR is a condiment of daily use not always of- 
fered for sale commercially in a state in which it can 
be consumed with impunity. This can be understood 
when it is general to call by the name of vinegar 
al! liquids obtained by the acetification of alcoholic 
bevcrages, such as wine, beer, and cider, or the trans- 
formation of their alcohol into acetic acid. But if 
this organic acid is the essential basis of vinegar, 
it does not follow that a simple dilution of acetic acid 
wiih water would be vinegar. Vinegar is a substance 
enowed with hygienic properties dependent upon the 
co \position of the liquid from which it was formed. 
In addition to acetic acid, there should be organic and 
inorganic salts, ethers which give the bouquet, glycer- 
in. a small proportion of alcohol, in reality all the 
el nents which constitute the original liquid. It is 
to he general effect of this combination that the prop- 
eres of vinegar are due. We speak here of true 
vii gar, of which wine vinegar is the type, and which 
is »ecoming, it must be regretfully noticed, more and 
me rare. Actually it is through perfected systems 
of acetificeation that the vinegar maker hardly uses 
wi e, but rather diluted cheap spirits. Vinegar made 
fr. n these spirits diluted possesses none of the above- 
m: itioned hygienic constituents. It may even from its 
ex ossive acidity be a danger to weak digestions. If 
evn its origin were known it might be possible to 
re: iedy the inconvenience of defective composition, but 
th trade as a rule offers it for sale as wine vinegar. 
A ittle glucose is sufficient to cover the excessive acid- 
it). and the consumer purchases it with confidence at 
a iigh price, and at the expense of his stomach. 

‘rue wine vinegar is becoming rare, but as it is 
necessary to be sure of having it good, the énly method 
is (o make it oneself. This is quite possible anywhere. 
On the farm, in the town and cities, every household 
should make its own vinegar. It is so simple, and the 
necessary material so cheap, when even the bottoms 
of bettles of wine may be used, which are otherwise 
thrown away, as will be gathered from the following 
practical details of the operation. Before beginning 
on the purely practical side of the question, it is as 
well ecursorily to examine the theories upon which it 
is based. 

We have said that the process of making vinegar 
consists in transforming alcohol into acetic acid. Let 
us examine the phenomenon which produces this trans- 
formation. 

it is known that the formation of acetic acid is due 
to an oxydation of alcohol, with a production of water, 
as expressed in the chemical formula— 

C*H*O + O? = C*H'O* + 

Pasteur discovered how this transformation actually 
wok place, and proved that acetification is a fermen- 
tation due .to the presence of a ferment Mycoderma, 
or Mycrococcus aceti, without which air alone, which 
is indispensable, cannot act. Classed among the group 
of aerobian ferments, i. e., requiring the oxygen of the 
air in order to exist; this ferment lives on the surface 
of alcoholic liquids in the form of a fine white veil, 
which is so instable that the least agitation of the 
liquid submerges the cellules of the ferment and as- 
phyxiates them. In time this veil thickens, and ends 
in forming. a consistent membrane, to which is given 
the name of “mother vinegar.” An essential condition 
for the life of the ferment is a temperature between 
67 degrees and 87 degrees F., outside of which limit 
the ferments suffer, and eventually cease to work. 
Pasteur proved that this ferment is indispensable for 
the transformation of alcohol into acetic acid, and that 
Wilhout air it cannot be produced. From a practical 
point of view it is deduced from the preceding points 
of consideration that to make vinegar there must be: 
The presence of acetic ferment, the presence of air, 
a iemperature between 67 degrees and 87 degrees, and 
an alcoholic liquid containing the elements necessary 
for the life of the ferment. The presence of the fer- 
Ment is the first condition. If Pasteur’s theories are 
considered, which show the air to be full of germs 
of all kinds, it would seem that there would be no 
necessity to trouble about the ferment itself, and by 
only exposing the wine to the air acetification would 
soon be produced. This does happen, as may be seen 
in ullaged bottles. But in this case the commence- 
Ment of fermentation is slow, and there is a risk of 
de\ cloping other ferments, which would have a differ- 
en! action, and possibly destroy even the alcohol. 

‘Yo have good vinegar this accident must be avoided, 
by obtaining only the acetic ferment. It is therefore 
pr ferable to add to the liquid some of the cellules of 
th: ferment, which, when placed upon the surface, 
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develop rapidly. For this a sort of culture is made in 
a shallow receptacle—a saucer, for instance in which 
is placed a little wine, reduced to 10 per cent proof 
spirit and one-third its volume of good vinegar. This 
is exposed to the air in a warm place, and very soon 
a veil formed by the cellules of the ferment will be 
formed from the germs in the air, and they can be 
added to the surface of the liquid to be acetified. The 
manufacture of vinegar is condensed into these few 
lines. Take an alcoholic liquid, place on its surface 
traces even of acetic ferment, leave it exposed to the 
air in a proper temperature, and the ferments do 
the rest. This is the old Orleans method, which was 
discarded by the trade on account of the time it takes 
(about two months) before good vinegar is obtained. 
For household use this does not matter, on account of 
the moderate consumption, and this process is the best 
for the purpose when employed under the following 
condition: A cask is chosen, in accordance with the 
quantity consumed. A ten-gallon keg would be large 
enough for almost any household. If it has iron hoops 
they should be painted, as otherwise they would be 
rapidly destroyed by the vapors of acetic acid. In each 
head a hole should be bored, say a quarter of the way 
down from the top chimb, and covered with mosquito 
netting, so as to prevent the entry_of any insects. Be- 
low the front opening is placed a bent glass tube, 
tightly fixed in a cork, so as to show the level of the 
liquid. 

A wooden tap is inserted below this. It is essential 
that no metal tap should be used, and the wooden tap 
should turn easily, and the cask should be solidly 
fixed, so as to prevent any shaking, which would 
break the veil formed by the cellules of the ferment, 
and so destroy them. 

For the same reason, it is as well to fit a wide glass 


tube through the bunghole, reaching nearly to the 
bottom of the cask, through which the wine to be 
acetified can be added without breaking the veil of 
cellules on the surface of the liquid. 

To start the affair working, the operation is very 
simple. The wine to be acetified, reduced to 12 per 
cent proof, together with one-third of its volume of 
good vinegar, is poured into the cask, so that the level 
of the liquid comes within half an inch of the air- 
holes in each head. Then the vinegar ferment pre- 
viously prepared is carefully placed on the surface,of 
the liquid, and the glass tube is inserted, and secured 
into the bunghole through a cork bung, and the cask 
left in a proper temperature. 

At the end of from four to six weeks vinegar may 
be drawn, and every succeeding fortnight, each time 
replacing the quantity drawn by an equal quantity 
of wine to be treated. 

Such an installation can be fixedsin any house—~in a 
kitchen, for instance, provided always the temperature 
is constant and suitable. To obtain good vinegar, 
sound, clear wine should be used, and reduced to from 
12 per cent to'15 per cent proof spirit. Above that 
strength acetification is slow and somewhat incom- 
plete.—Journal of Agriculture. 

PREVENTION OF DEFECTS IN IRON 

CASTINGS. 
By F. Mascorp. 

Ir cannot. be denied that too many defective cast- 
ings are still produced, and many valuable castings be- 
come wasters, mainly because young molders have not 
given the question of defects the necessary study. De- 
fects found in machined castings run up costs both 
in the foundry and machine shop, wasting time and 
materials. There will always be a certain percentage 
of defective castings made in the best organized shops, 
but the output may be improved and the costs re- 
duced if+the leading causes that produce defects are 
more carefully noted. Here, then, says Mr. F. Mas- 
cord, writing in the Foundry, are a few practical 
hints proved in large tool works, both in the foundry 
and machine shops, from keen observation and tests. 
On machined castings, blowholes probably take the 


lead in quantity. There are three distinct kinds—one 
type is produced by the gases in the iron; another is 
produced by the iron being overcharged with gul- 
phur; but the third is far and away most found in ma- 
chined castings from placing close-ground facing sand 
eon the top or back parts of patterns. This prevents 
the free escape of air or gases. Use open clean sand 
on the parts that are to be machined, and use the vent 
wire freely. Most defects are found in top sections 
or on the back parts, and this fact proves that air and 
gases are the molder’s greatest enemies. Use sand on 
parts to be machined as dry as-possible, consistent 
with safety in ramming-up and drawing patterns. Do 
not sleek these parts with the trowels, because more 
risks are incurred. The water brush, too, must be 
kept away from molds as much as possible, as the 
castings are chilled, and may break or crack in the 
weakest parts, and the chilled edges run up costs in 
the machine shops. The runners should be placed 
where the iron has the easiest flow through the mold. 
This reduces the conflict between the air and the iron 
when in the mold. Risers should be placed in the 
strongest parts. Do not pour iron at too great a 
heat, or scabs and seams will often follow, and re 
member that when pouring castings to be machined 
the gases should escape from the iron while still in 
the ladles. If facing sand is weak in its proportion 
of sea coal, and very hot metal is used, defects and 
trouble will follow—generally scabs and seams. Seams 
are often caused by the mold not being quickly cov- 
ered with iron, and therefore sufficient runners should 
be used in all cases. Many castings are lost by care- 
less skimming, and when too soft an iron is used; bor- 
ing or drilling often exposes shrinkage defects.  In- 
ferior brands of pig iron used for machined castings 
contribute largely to the scrap-head and machine-shop 
costs. Machine-tool castings require special study, be- 
cause several operations are performed on them in 
the machine shop, and molders have to consider this 
fact when on that class of work. The question arises: 
Will these castings, that look so clean and sound in 
the cleaning department, stand the tests of the planer, 
milling machine, boring mills, drills, ete.? Fewer risks 
are run on these castings merely requiring a coat of 
paint. There is little doubt that in many foundries the 
pattern makers could save many castings if they were 
to allow a little more clearance on the back parts of 
many patterns where the parts are machined, as slides, 
saddles, aprons, cones; or on smaller patterns, as gear 
blanks, bushings, friction rings, hand wheels, etc. 
Fully 70 per cent of the defects are found on the back 
or top parts of castings, where gases chiefly escape, so 
that the open, clean sand will assist them to get away 
freely. Avoid a crush by taking a trifle off the joint 
where most danger exists, as the dresser can easily 
remove this, and it has assisted the gases to escape. 
To give a good clean face to parts of castings not 
requiring machine operations put as much new sand 
in the facing sand as possible, and not too much 
moisture. Use a good quality of sea coal, and plum- 
bago resists the iron better than charcoal, and gives 
clean surfaces. Cover molds of light castings with 
hot metal as quickly as possible. Be very careful as 
to the moisture of facing sand. Use as little water as 
possible. As regards cores, these will spoil castings 
if not properly dried and vented. Use every care in 
preventing a crush or twist, and see that molds are 
properly fastened or weighed before pouring the iron. 
Do not allow air to escape through the runners when 
pouring, or a scab will result. Always keep the run- 
ners full of iron when pouring the mold.—The Practi- 
cal Engineer. 


Although the use of oil as a means of securing 
more rapid dissipation of the heat generated in trans- 
formers has become almost universal in the case of 
large transformers, very little information has been 
available as to the relative merits of the various oil 
and air-cooling devices. This information is now sup- 
plied in a paper by Mr. R. D. Gifford, of the Univer- 
sity of Birmingham, which will be found in the May 
number of the Journal of the Institution of Electrical 
Engineers. His measurements show that if the cool- 
ing effect of the air in the case of a transformer be 
taken as unity, that of the free air would be about 
1.1 and that of a strong air blast about 2. With oil 
cooling the effect rises to about 3, and if the oil it- 
self is cooled by the passage of cold water through 
a worm immersed in the oil, the cooling effect be- 
comes 6 or 7, 
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HOW FISH ARE HATCHE D—1 


FISH-CULTURAL PRACTICES IN THE UNITED STATES BUREAU OF FISHERIES. 


BY JOHN W. TITCOMB, ASSISTANT IN CHARGE OF THE DIVISION OF FISH CULTURE.| 


RESOURCES OF THE BUREAU. 

Tue fish-cultural work of the United States Bureau 
of Fisheries, administered from headquarters at Wash- 
ington through the Division of Fish Culture, is con- 
ducted by means of numerous hatching stations located 
in various parts of the country, including Alaska. 
There are thirty-two such stations recognized for ad- 
ministrative purposes. Auxiliary to these are numer- 
ous field stations, some of them equipped as hatcheries 
and in operation throughout the year, others used only 
during the spawning season of the fishes they are con- 
cerned with. The land owned by the bureay at its 
fish-cultural stations has an aggregate area of 12,000 
acres, valued at $225,000. The improvements on this 
land in buildings, ponds, and special equipment repre- 


sent an investment of about $1,000,000. The Division 
of Fish Culture has 225 civil-service employees, whose 
salaries aggregate approximately $200,000, while there 


is an annual appropriation of $275,000 for the main- 


tenance and operation of stations, including the em-_ 


ployment of temporary laborers and assistants in fish- 
cultural work. 

It will be my endeavor to allude to some of the more 
important phases of the fish-cultural work which these 
resources make possible, and to explain more fully than 
would otherwise be permissible features of the work 
in which recent changes in methods or equipment have 
not heretofore been so fully illustrated or described. 

EXTENT AND GENERAL METHODS OF THE WORK. 

During the fiscal year 1908 the bureau distributed 
fish and eggs to the number of 2,871,456,280. The table 
accompanying gives an idea of the extent of the work 
for a series of years. 

Aggregate of Adult Fishes, Yearlings, Fry, and Eggs 
Distributed by the Bureau of Fisheries from 
1872 to 1908. 

Species. 1872-1897. 1898-1908. 
Shad 1,379,247,350 1,381,209,594 
Salmons 168,073,769 1,050,738,390 
THOU 70,499,665 506,781,985 
Whitefish and cisco........ 1,579,923,409 3,889,418,135 
7,212,403 34,702,267 
Cod, haddock, pollock, etc... . 520,223,000 2,241,063,000 
Flounder ....... 94,522,019 1,921,625,000 


Other fishes ....ccccscccce 47,446,864 7,217,024 
5,051,166,009 17,272,222,109 


The first column represents the output of the United 
States Fish Commission from its inception to the be- 
ginning of the present commissioner’s administration, 
a period of twenty-six years. The second column repre- 
sents the output for the subsequent period of eleven 
years. The total operating expenses of the entire eleven 
years, 1898 to 1908, did not exceed those of the preceding 
twenty-six years, while the output has been more than 
trebled. About 50 species of fishes are now handled. 

The results of fish culture, as shown by numerous 


* Address before the Fourth International Fishery Congress, held at 
Washington, D. C., September, 1908, 

+ This paper, as read before the International Fishery Congress, was 
illustrated by lantern slides, to supply the absence of which in publica- 
tion the text has been amplified, 


replenished waters and by actual returns in fish, 
might easily be made the subject of a lengthy dis- 
course, but for present purposes will be alluded to only 
incidentally. A marked evidence of sucess may be 
noted in the constantly increasing demand for young 
fish to plant. Notwithstanding the fact that the bureau, 


by the increase of its facilities and by progressive © 


methods, has steadily increased its output, the demand 


cally all of the important commercial fishes, however, 
can be propagated, and much more numerously, by 
stripping them of eggs and milt by hand and incubat- 
ing the fertilized eggs in hatcheries. It is with these 
that the bureau is most largely concerned, their num- 
bers being nearly 98 per cent of the entire output of 
the hatcheries. 

There are some variations in the methods of spawn- 
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of the public for fish has increased therewith until in 
some lines of work, notably the production of the 
basses, crappies, other sunfishes, and the catfishes, it 
is greater than can be met with present means. 

It is a point to be emphasized that the fish-cultural 
work of the bureau is of two classes with respect to its 
economy. Many of the most valuable food fishes, being 
in their prime for market purposes just prior to the 
spawning season, are most extensively captured at the 
very time they should be spared for the perpetuation 
ef their kind. Whenever possible, the bureau secures 
the eggs of these fish from the fishermen. Fully 96 
per cent of all the eggs collected and hatched by the 
bureau are taken and fertilized from fishes destined 
to the market, and this without detracting from the 
value or edible qualities of the parent fish. 

The collection of fish eggs under these conditions is 
to be distinguished from the work which utilizes the 
eggs of fish that have reached their spawning grounds 
and which it is customary to capture for the express 
purpose of obtaining and fertilizing their eggs. The 
latter is fish culture in the usual sense—extensive in- 
crease of the numbers of young by protecting the eggs 
and providing the most favorable conditions for hatch- 
ing. The other is fish culture also, but in addition to 
conservation of a resource that would otherwise be un- 
availed of. 

Some of the fresh-water species, valued chiefly as 
game fishes, although marketed also, are cultivated by 
confining them under conditions which will secure the 
maximum reproduction by natural processes. Practi- 


taking, according to species, but in general the operation 
consists in expelling the eggs by a gentle pressure of 
the thumb and forefinger along the walls of the ab- 
domen, the strokes being continued until all ripe eggs 
have been secured. The fish is usually grasped near 
the head, and to hold it firmly may be pressed against 
the body of the spawntaker. The receptacle into which 
the eggs are expelled is usually a six-quart milk pan 
which has been dipped into the water and emptied, 
thus leaving it slightly moist. Other forms of recep- 
tacles, such as marbleized or porcelain-lined pans or 
wooden vessels are sometimes used where the eggs are 
especially adhesive. The milt is obtained by the 
same process as the eggs, and applied to the latter in 
the pan used to receive them from the fish. 

The hatching processes are, generally speaking, of 
three classes with respect to equipment, determined 
primarily by the specific gravity of the eggs. Heavy 
eggs, such as those of the trouts, salmons, and the 
grayling, are incubated in wire-bottom trays or wire 
baskets set in troughs of running water. The mesh 
of the wire is of size to suit the size of egg and to per- 
mit the young fish as they hatch to drop through into 
the trough. The troughs are usually plain open boxes 
varying in length from 12 to 16 feet and in depth from 
4 to 12 inches, to suit conditions. An arbitrary width 
of 14 inches, inside measure, has been adopted, uni- 
formity in width being desirable for economy in in- 
terior equipment. For handling large quantities of 
eggs the troughs are frequently provided with either 
permanent or removable partitions to regulate the di- 


Fig. L—BROOK TROUT EUGS ON TRAY, JUST BEGINNING TO 
HATCH. (ABOUT NATURAL SIZE.) 


Fig. 3.- BROOK TROUT FRY, SAC NEARLY ABSORBED, READY TU 
FEED. (ABOUT NATURAL SIZE.) 
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rection of the current of water through the eggs. Thus 
they may be converted into so-called Williamson and 
Clark-Williamson types of troughs. 
Semi-buoyant eggs, such as those of the whitefish, 
pike perch, shad, yellow perch, and white perch, are 
usually hatched in glass jars. The styles of jar are in 
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Havre de Grace, Md., on the Susquehanna River; at 
Bryans Point, Md., on the Ptomac; and at Edenton, 
N. C., on Albermarle Sound. The steamer “Fish Hawk” 
is also equipped as a hatchery, and utilized at such 
points as may be advantageous, 

As all the eggs for the hatcheries are obtained from 
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personally manipulate the ripe fish for eggs and milt, 
and it is customary for the bureau to provide all such 
men with the usual spawntaker’s equipment of pans, 
buckets, etc. It is always necessary to employ a force 
of experienced men to go among the fishermen to see 
that the eggs of all ripe fish are saved, fertilized, and 


. Fie. 4—HATCHING EQUIPMENT FOR SHAD AND OTHER SEMIBUOYANT EGGS. 


Over the innér ends of the tubes which serve as outlet for the aquarium is an elongate wire frame, screened with cheese cloth for white perch and other very small 
fry, with wire cloth for shad, The jar at the right maintains the desired water level in the aquarium, the outlet tubes siphoning directly into this. 
The scale attached to jar (McDonald universal) in center of picture is the measuring device, 


general two—closed-top and open-top, the McDonald 
Universal hatching jar being of the former pattern, 
the Chase, McDonald open-top, and Downing being 
typically the latter. 

The principles of the McDonald Universal (patented) 
jar are familiar.* By substituting for the closed-top a 
screw-cap rim to which has been soldered a pitcher- 
like spout, the Universal or automatic jar may be 
converted into an open-top jar and thus is the prefer- 
able equipment at hatcheries where both closed and 
open-top jars are required. As an opén-top jar it is 
operated the same as the Chase and Downing jars. At 
hatcheries where only open-top jars are used the Down- 
ing pattern is preferred. 


RIVER FISHES OF THE EAST COAST. 
Shad. 
The most important fish of the east-coast streams, 
the shad, is the especial object of three hatcheries—at 
*Manual of Fish Culture, revised edition, 1900, p. 138. Published by 
U.S. Bureau of Fisheries, 


market fish, the shad work is primarily conservation. 
The exhaustive fishing at the mouths of the rivers 
leaves, moreover, so few fish to reach the spawning 
grounds that the fishery is now in the northern 
streams, entirely dependent upon the hatcheries, which 
are themselves interfered with by the scarcity of ripe 
fish. Recent legislation in North Carolina has widely 
restricted fishing, so that there has been a notable im- 
provement .of conditions in that region, and much 
larger collection of eggs at Edenton. 

Curiously enough, shad are seldom caught in ripe 
condition during daylight until late in the afternoon. 
Thus the fishermen’s catch of the late morning or 
early afternoon is not available for the rescue work of 
the spawn taker. But on the approach of evening dur- 
ing the spawning season of the shad the bureau's 
agents may be found leaving their camps to embark 
preparatory to being distributed on the various fish- 
ing boats or to fishing shores where shad in ripe spawn- 
ing condition are to be had. 

In the collection of shad eggs the fishermen often 


properly cared for until they reach the hatchery. It 
may not be amiss to say that spawntakers should also 
be experienced boatmen, not only as a matter of safety 
to themselves, but because the fishermen are averse to 
allowing inexperienced men in their boats. 

The treatment of eggs of the shad after the milt has 
been applied is in substance as follows: 

About half a pint of water from the river is dipped 
into the pan, which is then given a slow rotary motion 
until the milt is thoroughly mixed with the eggs. This 
pan, with its contents, is then set aside and another 
is used in a repetition of the process. After all the 
stripping has been done the milt is washed from each 
pan of eggs by dipping water from the river and pour- 
ing it off, repeating until the milky color of the water 
disappears. The pans of eggs, with about one pint of 
water in each, are then set aside, and after fifteen or 
twenty minutes it will be noticed that the eggs are 
absorbing the water. A little more water must then 


be added from time to time until they have fully ex- 
panded, which usually requires from forty to sixty 


Figs. 5 AND 6.—SPAWNTAKING OPERATIONS ON THE DETROIT RIVER, MICHIGAN. 


Whitefish caught in commercial fishing are held in crates and pounds until ripe, The crates are 
provided with false bottoms which may be raised for casier access to fish, 


The two men with dip nets are lifting fish from crates (male whitefish in one crate, females in another) 
into the tubs at the spawntakers right, The pan of eggs is passed to the man at extreme left, who 
“washes them up” before they are put into tub for water hardening and removal to the 


hatchery, (Detroit River, Michigan.) 
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minutes, but varies somewhat with the water tempera- 
ture. When fully water-hardened, the eggs feel like 
shot to the touch of the fingers, and now, less sensitive 
to concussion, are ready to be transferred to the buck- 
ets in which it is customary to convey them to the 
hatchery. 

En route to the hatchery it may be necessary every 
twenty or thirty minutes to replace the water on the 
eggs with water from the river in order to maintain 
an even temperature, the air on very cool nights af- 
fecting the water in the buckets to such degree as to 
injure the eggs. 

The first thirty-six to forty-eight hours after ar- 
rival at the hatchery is the period of greatest mor- 
tality to the eggs, and until this has passed they are 
kept in open-top jars or in McDonald jars without tops, 
the water flowing through them being allowed to waste 
over the tops of the jars. The dead eggs being lighter 
than the live ones, work toward the surface and are 
easily removed with a siphon of 44-inch rubber tubing. 
The good eggs are then measured (by means of a 
device which will be described later) and their num- 
ber is accredited to the fisherman from whom they 
were obtained. They are then put up for hatching in 
the McDonald Universal (i. e., closed-top) hatching 
jars, which are arranged on specially constructed tables 
in connection with rectangular glass aquaria or receiv- 
ing tanks and subjected to a current of about 4 or 5 
pints of water per minute at 8 pounds pressure, which 
is sufficient slightly to elevate the eggs from the bottom 
of the jar, thus giving the entire mass a slow revolving 
or boiling motion. The number of eggs to each jar is 
from 85,000 to 100,000. As the young fish emerge 
from the eggs they rise toward the surface, where they 
come in contact with the suction outlet tube of the jar 
and pass through it with the waste water to the col- 
lecting tanks. From this they may be removed to the 
distributing cans by means of a \-inch rubber siphon. 
Another method of removing them is to dip them 
from the aquaria after siphoning off a portion of the 
water. By this method, emptying an equal number of 
dippers of fry into each can, it is possible to quite 
equally distribute the total number to be removed. 

White Perch. 

With the decadence of the valuable shad fishery 
there has arisen a demand for the artificial propaga- 
tion of the white perch (Morone americana), and this 
work has been extensively conducted at the mouth of 
the Susquehanna River during the past four seasons in 
connection with the hatching of shad. Like shad 
culture, the propagation of white perch is purely the 
conservation of eggs which would otherwise go to 
market in the parent fish. 

The spawning season in the latitude of the Bureau's 
station at Havre de Grace, Md., is from the middle 
of April to the latter part of May, the time varying 
with the character of season. The eggs are taken and 
fertilized by the usual dry method, the work being 
performed ordinarily by the fishermen. Owing to the 
adhesiveness of the eggs it is preferable to strip them 
into marbleized or porcelain-lined pans. 

’ As with shad and other spring spawning fishes, the 
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fry, at 50 deg. or lower few if any eggs or fry survive. 
In one case eggs taken at 56 deg. and held for twenty- 
four hours, after which the temperature dropped to 
46 deg., finally hatched at a temperature of 54 deg., 
producing a fair percentage of fry. Observations thus 
far made indicate that eggs taken at mid-day or soon 
after mid-day produce better results that those taken 
earlier in the morning, although the reason has not 
been ascertained. 

After being held for from six to twelve hours in 


8. DOWNING JARS SET UP FOR USE ON 
* BATTERY” AT PUT-IN BAY STATION, OHIO. 
The troughs into which the water flows from the jars serve also to supply 


the jars in the next tier, This is the common equipment for 
hatching white fish and pike perch. 


jars without tops, white perch eggs are incubated and 
hatched in McDonald automatic jars on shad tables in 
the same manner as shad eggs. As they are especially 
liable to fungus, a good circulation is particularly 
important, and it is inadvisable to carry more than one- 
fourth capacity to a jar, or from 800,000 to 1,000,000. 
The eggs are comparatively heavy, and for this addi- 
tional reason require more water circulation than is 
needed for shad, or 2% to 3 quarts per minute. It is 
customary to reduce the flow about one-half during 
the last few hours before hatching, in order that 
fungussed masses and attached good eggs may not be 
carried out into the receiving tank. 

When undeveloped the eggs are very white and 
hard, and it is difficult for the novice to tell the live 
ones from the dead. Some that apparently are dead 
suddenly eye and hatch, while, on the other hand, some 
apparently of good quality frequently fungus and prove 
a total failure. By examining in a glass tube, with 


Fie. %.—INTERIOR OF ONE WING OF HATCHERY AT* PUT-IN BAY, OHIO. 
View showing four batteries and the tanks (left foreground) into which the fry are carried by the flow from the jars. 


white perch spawns on a rising temperature, ripe fish 
being taken first when the temperature is about 47 
deg. However, the eggs seem to produce better results 
when hatched in water of a higher temperature. At 
about 60 deg. F. they hatch in forty-eight to fifty-two 
hours, while at 68 deg. to 70 deg. they hatch in twenty 
to twenty-four hours. They are sensitive to sudden 
drops in temperature, and although at 58 deg. or 60 
deg. about 75 per cent of the eggs produce vigorous 


which a few at a time may readily be removed from 
the jars, it is usually possible to distinguish the live 
€ggs at any stage of development. , 

The eggs average 29 to the linear inch when first 
expelled and 28 to the inch after being water hard- 
ened. They are usually measured into the jars with 
a l-quart apothecary’s graduate, and are computed at 
1,600,000 to the quart. 

To guard against the escape of very small fry from 
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the receiving aquarium the usual waste water outlet 
is closed, and the water is carry off by means cf one 
or more siphons, the suction ends being provided with 
wire cages covered with two or three thicknesses of 
cheese cloth. To regulate the level of the water ip 
the receiving tank the outlet ends of the siphons 
empty into an adjacent receptacle, usually a hatching 
jar, the rim of which is at the desired water level. 

Yellow Perch. 

It is feasible, and under some conditions desirable, 
to expel and fertilize yellow perch eggs artificially. but 
under proper conditions practically all naturally de. 
posited éggs are fertilized. For this reason the Bu. 
reau’s work largely consists in the incubation of the 
naturally deposited eggs obtained from fish contined 
in crates for the purpose, and to some extent by col- 
lection of natural spawn in marshes where lef! by 
receding waters. 

It has been found that the eggs can be hatche:l in 
almost any kind of container through which wat:r is 
flowing—open troughs, open jars, shad aquaria, ete., 
but careful experiments indicate that the McDonald 
open-top and the Downing jar are preferable to other 
kinds of equipment, the Downing jar possessing the 
advantage of greater capacity. It will hold 130,004 to 
150,000 eggs, and when thus incubated the eggs are 
subjected to a water circulation of about 1 pint per 
minute. 

As little has been published on the methods of cul- 
ture of this fish, the data of the superintenden' in 
charge of the yellow perch operations at Bryans P int, 
Md., will be given in some detail. 

Here the fish are purchased from commercial (fish- 
ermen, are held in crates having comparatively | ight 
bottoms, and allowed to spawn naturally. The ci ates 
are 8 feet long, 4 feet wide, and 21% to 3 feet «cep, 
and are placed in the mouth of a small creek t. ibu- 
tary to the Potomac reached by tide water from the 
river. A small number of fish are also kept in a ! irge 
tank at the hatchery, through which there is a con- 
stant flow of river water in connection with the ;egu- 
lar station supply. 

The collecting of fish begins about the middle of 
March or when the water temperature ranges ‘rom 
34 deg. to 37 deg. The water temperature in which 
spawning occurs ranges from 42 deg. to 46 deg. In 
1908 the first eggs were obtained March 21 in a water 
temperature of 46 deg. Practically all the fish had 
finished spawning on April 1, at which time the water 
temperature was 58 deg. The spawn is taken daily 
from the crates and transferred to the hatchery in 
buckets. 

The eggs are comparatively heavy, and are slightly 
adhesive when first deposited. The period of incuba 
tion in a water temperature of 47 deg. to 54 deg. is 
ten to twenty days. The absorption of the yolk sac 
requires a period of eight days in a mean temperature 
of 54 deg. On the Potomac River the average number 
of eggs from fish of one-half pound weight is about 
15,000. 

When measured into the jars the eggs are computed 
at 100,000 to the quart. Actual measurements of 10 
eggs average 1.662 millimeters or 0.065 inch in diam 
eter, but on account of the peculiar gelatinous envelope 
of the egg, these individual egg measurements are of 
no use whatever in estimating the number in a givel 
volume. 

Striped Bass. 

At Weldon, N. C., is a field station for the propage 
tion of the striped bass (Roccus lineatus). It has 
been operated for a number of years with rather negé 
tive results as to the number of eggs collected, but 
with experience of much value as suggesting lines of 
improvement in methods of manipulating ripe fish and 
the eggs. 

The chief obstacles to successful work in the prop 
gation of this fish are the difficulties of obtaining rip 
spawning females in numbers sufficient to produc 
large results, and of obtaining a ripe male at the tim 
a female is available. Penning the fish has not proved 
successful. The delicate nature of the eggs and the 
limited period of incubation—1%4 days—are reasons 
for believing that they cannot be successfully trans 
ported from the source of supply. 

The McDorald automatic hatching jars have bee! 
somewhat successfully used at Weldon, but the sa 
fry of the striped bass are more tender than ‘hos 
of any other fish and it was found that many weft 
injured in their passage to the aquarium throug) the 
rubber tube of the closed-top. The style of jar w# 
then changed to open-top, and has given highly sati* 
factory results. An elongation of the pitcher n out) 
by means of a trough of canvas delivers the fry from 
the jar to the aquarium without friction and ccncit 
sion. Owing to the buoyancy of the eggs less thal 


ome quart of water per minute is supplied to each jaf 


and at time of hatching only about one pint. \Vhet 
water hardened the eggs are computed at 35,000 io th 
liquid quart, and it is customary to incubate 80,(:00 i 
each McDonald jar. 

In the latitude of Weldon, striped bass spawn in 
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temperature of 70 deg. to 77 deg., the season being 
from the middle of April to early in June. 
FISHES OF THE GREAT LAKES. 

For the maintenance of the fisheries of the Great 
Lakes the Bureau operates hatcheries at Put-in Bay, 
Ohio, Northville, Mich., Duluth, Minn., and Cape Vin- 
cent, N. Y. At Cape Vincent the work consists largely 
in hatching and distributing the product of eggs re- 
ceived from'other hatcheries, Lake Ontario not being 
a fruitful field for the collection of eggs. 

Whitefish. 

At Put-in Bay station in the fall of 1907 the collec- 
tions of whitefish eggs reached a total of 336,000,000, 
the largest on record for any station.* In this locality 
the eggs are in large part obtained by direct purchase 
from the fishermen, who have expelled and fertilized 
them as they removed the fish from the nets. In addi- 
tio it is customary to pen 8,000 to 10,000 fish in ‘crates 
at points convenient to the base of operations. These 
fish are obtained from fishermen at a nominal price 
for use until after spawning, when they are returned 
to the fishermen to be marketed. As it has not been 
practicable to confine the fish successfully for a very 
lone time, this procedure is not undertaken until they 
are nearly ripe, the total period of confinement from 
the beginning of the collection. to the close being about 
weeks. 
he erates used for penning the fish are 16 feet 
lon: by 8 feet wide by 6 feet deep, and have a parti- 
tio: dividing each crate into two compartments 8 feet 
squire by 6 feet deep. Each compartment is provided 
wit) a false bottom, which may be raised at will while 
the fish are being manipulated, and can be shoved 
down against the stationary bottom afterwards. For 
con enience in handling, the crates are made “knock 
down,” and thus can be easily removed from the water 
anc used year after year. While in the water they are 
hel in position by floats 52 feet long, the crates placed 
between them endwise, five crates forming a raft. 
On!v 12 inches of the crates extends above the surface 
of ‘he water. The rafts are held in place by stakes 
driven into the bottom of the bay. Of the total num- 
ber of eggs collected above, 25 per cent are taken from 
fish confined in crates. 

Another important field station for the collection of 
whitefish eggs is in the Detroit River, where opera- 
tions are conducted from the Northville (Mich.) sta- 
tion. Here the eggs are derived from fish caught for 
fish-cultural purposes by market fishermen who operate 
under permits issued by the Bureau. The fishermen 
are willing to incur all expenses of the collections, as 
well as the losses from penning, for the privilege of 
disposing of all the marketable fish after the Bureau 
has taken the eggs. Penning stations are located 
accessible to the seining grounds, and all fish are trans- 
Spawn- 
taking operations are conducted daily throughout the 
entire period while the fish are penned. About 75 per 
cent of all the females confined in crates yield good 
eggs; the remainder either cast their eggs in the 
crates, become plugged, or fail to ripen. 

At the Put-in Bay station the Downing jar, an open- 
top glass vessel with pitcher lip, devised by the super- 
intendent, has supplanted other forms of hatching 
jars. In each of these jars 4%4 quarts of green eggs 
to 54, quarts of eyed eggs are subjected to a flow of 
4 quarts per minute. The jars are arranged in so- 
called batteries, which are described in the Manual of 
Fish Culture elsewhere cited. The batteries at Put-in 
Bay are of the type known as single batteries, each 


* Since this writing another spawning season has passed with a record 
for the Put-in Bay Station of over 373,000,000 whitefish eggs, 
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having an independent water supply. They have some 
new features, notably, for economy in arrangement, 
the alternation in position of the jars in vertical rows, 


thus making it possible to bring the troughs more - 


closely together. In the batteries at this station there 
are 1,692 jars and the flow of water through them is 
so economically arranged that only 330 gallons per 
minute is required when all are in operation. This 
type of battery is the one commonly used at the 
Bureau's stations, called single battery to distinguish 
it from the double battery at Detroit.* The Detroit 
hatchery is equipped with 1,487 Chase and Downing 
jars, and a total of 441 gallons of water is required 
when the entire battery is in operation. 

At Cape Vincent station the battery is a single tier, 
but the arrangement of the jars is not so compact and 
the tiers are not so well set up as to economy in water 
supply, 492 jars requiring a total volume per minute of 
123 gallons. At Swanton station a single battery of 
606 jars requires a total volume of 227 gallons per 
minute. The batteries at Detroit and Put-in Bay are 
constructed entirely of wood; the battery at Cape 
Vincent was originally of wood, but as the troughs 
began to decay galvanized iron was substituted with- 
out removing the original stand on which the wooden 
troughs rested. At Swanton the supply troughs in 
the battery are also of galvanized iron, the first cost 
of which is more than for wood, but taking into con- 
sideration durability of material, may be considered 
more economical. 

Pike Perch. 

By methods similar to those pursued in the con- 
servation of whitefish eggs, pike perch eggs also are 
extensively collected, the most important field, as with 
the whitefish, being within a 40-mile radius of the 
Put-in Bay station. Here and at other points on the 
Great Lakes the eggs are all obtained from ripe fish 
as caught, the penning of the pike perch by methods 
described for the whitefish having proved not feasible 
in the sheltered bays where such work might other- 
wise be possible. The method of spawn-taking at 
Put-in Bay is generally as follows: 

On account of the adhesiveness of the eggs a wooden 
or fiber receptacle is used instead of the usual tin 
spawning pan. A liberal quantity of milt is applied, 
the mass is thoroughly stirred with a feather or with 
the bare fingers, and a little water is added. Then 
pan and contents are lowered into a keg, containing 
about 2 gallons of water, and the pan is carefully 
emptied. This process is repeated until the keg is 
about one-third full. The eggs are now left undis- 
turbed until spawning operations are ended—not over 
two or three hours; then water is added, a little at a 
time, until the keg is nearly full. Some of the water 
is then poured off and more added, this process being 
continued until all the milt is washed off and the eggs 
are thoroughly water hardened. 

The chief precaution during the water-hardening is 
this constant pouring off and addition of water. Care 
must be taken in pouring the water to have it fall not 
directly on the eggs, but against the side of the keg. 
During this period the eggs must not be stirred, for 
the reason, it is said, that such motion tends to rupture 
them. It is also important to avoid exposure of the 
eggs to the air, since because of their adhesiveness 
they will form in a nearly solid mass. When they are 
sufficiently water-hardened they may be separated by 
gently loosening them with the bare hand. After 
separating them it is necessary to change the water 
frequently until they can be transferred to hatching 
jars. 


* Manual of Fish Culture, p. 117. 
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The fact that pike perch spawn in the spring, while 
fall is the spawning: season of the whitefish, makes it 
possible to utilize the same batterie’ and other hatch- 
ing equipment for both species. 

In order to overcome the adhesiveness of pike perch 
eggs and prevent their forming unwieldy masses, it 
was forinerly considered necessary to use muck or 
starch in the water into which the eggs are placed 
immediately after fertilization. The use of muck has 
now been entirely abandoned and neither starch nor 
muck is used at Put-in Bay. 

At Swanton, Vt., the pike perch is regarded as of 
more value as a game fish than for the maintenance of 
a commercial fishery. The hatchery is stocked with 
eggs taken from fish captured purely for fish-culture 
purposes from the waters of Missisquoi Bay and River. 
The conditions under which the eggs are taken are 
more favorable than those existing on the Great 
Lakes, it being possible to pen the unripe fish for a 
week or. more while maturing, the penning crates 
being located in a current of water in the river. De- 
livery of the eggs at the hatchery is also more expe- 
ditious. 

In the manipulation of eggs here the methods are 
somewhat different from those just described. After 
impregnation in the usual manner a little water is 


added and the eggs are left for five to eight 
minutes; then more water is added and _ the 
eggs are withdrawn carefully into half a bucket 
of water into which two tablespoonfuls’ of 


ordinary corn starch have been thoroughly stirred. 
Here they are allowed to remain ten minutes. The 
bucket is then filled with clear water and the wash- 
ing process begins, the water being replaced until 
only clear water remains with the eggs. They are 


‘then stirred continuously with the hands for a period 


of forty-five minutes, the bucket being at the beginning 
about one-third full of clear water, to which more is 
added during this time. At the end of the continuous 
stirring the worst period of adhesion is over and from 
that time on the eggs may be stirred and fresh water 
added every hour until they reach the hatchery. Here 
they are held in a tub of running water overnight, 
then screened, measured, and placed in jars on the 
batteries. 

It will be noted that the two methods of manipu- 
lating the eggs are quite at variance. There are so 
many factors to be considered that it has not yet 
been decided which procedure is better. 

Pike perch eggs require more care than do the eggs 
of any other species handled by the Bureau. When 
received they are usually massed together in lumps 
and must first be separated with the bare hands and 
passed through a screen of soft bobbinet before being 
placed in the jars. While in the jars they require 
constant attention and must be frequently separated, 
it often being necessary to take down individual jars 
several times and pass the contents through the 
bobbinet screen. 

Although pike perch are found in ripe condition in 
water ranging from 38 deg. to 60 deg., more eggs 
are taken in a temperature ranging from 38 deg. 
to 50 deg. than above 50 deg., and the higher the 
temperature seems to be most favorable for hatching 
the maximum number of fry. Unfortunately, how- 
ever, the water of the hatcheries is usually of the 
colder temperature in which the fish spawn, and a 
high percentage of fry has therefore been unattainable. 
An average production in fry of 50 per cent. of the 
eggs taken may be regarded as very good. 

(To be continued.) 


A NEW TYPE OF VARIABLE SPEED 
MOTOR. 
Iv is well known that variations in the speed of an 
electric motor are made possible by varying the amount 
of current passing through the field winding. This 


Fie. 1.—NEW TYPE OF VARIABLE SPEED 
MOTOR. 


variation is obtained by introducing a resistance in 
Seri-s with the shunt field, or by diverting some of the 
current in the series field through by-pass in the shape 
of © resistance. A new type of variable speed motor 


is described by L. Torda in the Electrician, in which a 
part of the magnet core is withdrawn in an axial 
direction. This is clearly shown in Fig. 1, where the 
machine is represented partly in section, also show- 
ing the hand-wheel and screw ‘for withdrawing the 
core. The hand-wheel is mounted outside the end 
bracket at the commutator end ef the machine. In 
Fig. 2 a diagram of the motor is shown, the arma- 
ture and end brackets being removed in order to show 
the air gaps A formed by the withdrawal of the mag- 
net core. This machine promises to be a very useful 
type for machine tool work, where there is a rapidly 
growing demand for a reliable and easily adjustable 
variable speed motor. 


United States Consul-Generai Robert P. Skinner, at 
Hamburg, states that three Cuxhaven steam trawlers 
are now equipped with wireless telegraph apparatus, 
and the service is so satisfactory that efforts are be- 
ing made to imcrease it. The most marked advantages 
resulting from the use of the wireless telegraph in 
this business are the ability of captains to advise 
with each other at sea as to their respective catches, 
and the transmission of similar reports to Cuxhaven 
a number of hours before the return of the ships to 
port. Thus vessels of the same fleet which have found 
poor fishing are sometimes able to join other vessels 


more fortunately situated in time to return with 
good catches. All the vessels are then able to in- 
form the managers of the public markets respecting 


Fig. 2.—DIAGRAM SHOWING AIR GAPS FORM- 
ED BY WITHDRAWAL OF MAGNET CORE. 


the quantities of fish to be placed on sale in such 
manner that in the event of unusual catches arrange- 
ments can be made in advance for distributing sup- 
plies in the least possible time, 
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PRESERVATIVE TREATMENT OF FARM TIMBERS. 


WHAT EVERY FARMER SHOULD KHNOW. 


INTRODUCTION. 

Tne amount of wood used on the farms of the coun- 
try and exposed to rapid decay is enormous. It is esti- 
mated that one billion fence posts and rails, the equiva- 
lent of six billion board feet, are required each year. 
For this class of material durability is the first re- 
quisite. The naturally durable woods were formerly 
plentiful over large areas, but in many sections they 
have now become too scarce and dear to use. There 
remains, however, an abundance of inferior woods 
which, when preserved from decay, are entirely satis- 
factory substitutes. 

Many different preservatives have been widely used 
for ties, poles, and piling. The scarcity of durable 
fence posts is, however, comparatively recent, and def- 
inite information regarding the preservative treatment 
of fence posts has naturally been lacking. A series of 
experiments to determine the best manner of creosot- 
ing posts of various inferior woods was, therefore, un- 
dertaken by the Forest Service in co-operation with 
the following States and agricultural institutions: The 
Commissioner of Agriculture and Industries of the 
State of Alabama, Montgomery, Ala.; the Alabama 
Polytechnic Institute, Auburn, Ala.; the North Louisi- 
ana Agricultural Experiment Station, Calhoun, La.; the 
Maryland Agricultural Experiment Station, College 
Park, Md.; the South Carolina Agricultural Experi- 
ment Station, Clemson College, S. C.; the Ames Ex- 
periment Station, Ames, Iowa, and the University of 
Minnesota Experiment Station, St. Paul, Minn. These 
organizations heartily supported this work, and to 
their cordial co-operation is due much of the informa- 
tion that has been acquired. 

DECAY AND METHODS OF PRESERVATION. 

Decay consists in the destruction of the wood tissues 
by low forms of plant life. These organisms we term 
fungi. It is possible that bacteria may be associated in 
some cases, but as yet we have no positive proof of it. 
It follows that the object of all preservative treatment 
is to prevent the development of these organisms, and 
that the most effective treatment is the one that ac- 
complishes this for the longest period. 

Fungi require for their best development a certain 
balance between the air and the moisture content of 
the wood and a favorable temperature. Thorough sea- 
soning, on the one hand, or thorough saturation with 
moisture on the other, alters this balance to such an ex- 
tent that the growth of the organism is either retarded 
or prohibited. Air seasoning only retards the growth. 

There are several methods by which timbers may be 
given more thorough preservative treatment. The sur- 


HICKORY WHITE ASH 
Fig. 1.—SECTIONS OF POSTS OF VARIOUS 


BY Cc. P. WILLIS. 


terial, since they will also tend to retard the escape 
of such moisture as may be already within the tim- 
ber. Better preservatives are the products of the dis- 
tillation of coal tar and petrolcum tar, which, in ad- 
dition to possessing the advantages of paint, are anti- 
septics and poisonous to fungi. The deeper such anti- 


septics penetrate the wood the more lasting is their 
effect. 
It is well known that wood decays most rapidly when 


= 


Fie. 2.—BARREL OUTFIT. 


placed in contact with the surface of the ground, be- 
cause the wood-destroying organisms find there more 
uniform conditions of heat and moisture to encourage 
their development. For this reason the ground line of 
a post must be thoroughly treated, whereas portions of 
the post above and below this point require less treat- 
ment. The climate of the locality should also be con- 
sidered. In the warm Gulf States or in a moisture- 
laden atmosphere posts require more thorough treat- 
ment than in a cooler northern climate or on the arid 
plains. 
‘ PROLONGING THE LIFE OF POSTS. 

The usual methods of prolonging the life of fence 
posts are here considered in the order of their ef- 
ficiency, beginning with the cheapest and least ef- 
fective. One point deserves special emphasis, namely, 
that in spite of the high first cost, the best treatment is 
the most economical in the long run. The study upon 
which this publication is based indicates that im- 
pregnation with creosote is decidedly the best preserva- 
tive method. 

SIMPLE METHODS. 

Peeling and Seasoning.—The value of seasoning has 

already been explained. It is likewise important to 


LODGEPOLE PINE 


WOODS TREATED WITH CREOSOTE BY 
THE OPEN-TANK PROCESS. 


PIN OAK 


All the posts are drawn to the same scale and are approximately 5 inches across, The black areas show the creosote penetration which 
corresponds generally to the sap wood. 


face of the wood may be soaked with paint or some 
similar substance. Such a coating keeps the wood 
dry, and more or less effectually excludes the entrance 
of the decay-producing organisms. Such coatings, 
however, should be applied only to well-seasoned ma- 


° Reprinted from a Farmer's Bulletin, published by the U, 8. Depart- 
ment of Agriculture, 


remove the bark, so that the outer layers of the wood 
may dry more thoroughly. 

A preservative method, akin to seasoning, consists 
in piling stones or similar material around the base 
of the post. This checks the growth of weeds and per- 


1 See Forest Service Bulletin 78,“ Wood Preservation in the United 
States,” by W. F. Sherfesee, 


mits the air to circulate more freely around the post. 
It is doubtful, however, whether the saving justifies 
the cost. 

Charring.—Good results have been obtained by char. 
ring the post over an open fire. The wood must lirst 
be thoroughly seasoned, and care must be taken no: to 
let the wood “check” or split from the heat. Too deep 
charing, which will weaken the post, must obviously 
be avoided. In some cases it is unnecessary to char 
the entire post, but the burning should always ext>nd 
one foot above and one foot below the ground line, 
It is often a good plan to char the very top of the post. 

Pdainting.—Treatment with the brush should be re- 
sorted to only when more efficacious methods are im- 
practicable. If brush treatments are to be effective, 
the posts must have been theroughly seasoned, or the 
surface coating will afterward be broken by the open- 
ing of seasoning checks through which moisture will 
enter the wood. At best surface coatings are not v ry 
durable. Some of the substances which may be ap- 
plied with a brush are whitewash, petroleum-tar c:co- 
sote,t coal-tar cresote? and various patented prod- 
ucts of coal tar and petroleum tar. Paint and white- 
wash are inferior to antiseptic preservatives; products 
of coal tar (creosote, etc.) are.the best. These are lest 
applied hot, in two or more coats. A barrel (50 «al- 
lons) of creosote should be sufficient to paint at least 
300 posts with three coats for the butts and two for 
the tops. 

Dipping.-—One defect of brush treatment is that ‘he 
preservative does not enter readily the cracks ind 
checks. This defect may be overcome by dipping ‘he 
posts in the preservative. Another advantage of dip- 
ping, as compared with painting, is a saving in labor. 
On the other hand, dipping requires a larger quantity 
of preservative, and, in addition to the amount con- 
sumed, there must be enough surplus to keep the bar- 
rel or tank filled to the proper depth. This usually 
forbids the use of any expensive preservative for dip- 
ping. Petroleum tar, coal tar, and the creosotes, how- 
ever, may often be advantageously employed. 

Posts have been treated by dipping the butt in 
cement. This is hardly satisfactory, owing to the 
ease with which the protective covering may be 
broken; moisture is absorbed after treatment and 
causes the wood to expand and crack the cement. 

Cold-bath Treatment.—The treatments thus far con- 
sidered merely coat the surface with a preservative. 
Penetration of “impregnation” of some woods is se- 
cured by prolonged soaking (a ten-hour bath) in the 
preservative at ordinary air temperature. This method 
of treatment ig attractive in many cases because it is 
so simple. Nevertheless, far better results are ob- 
tained in all cases by the use of a hot bath as well as 
a cold bath. As a rule only the cheaper preservatives 
can profitably be used in the cold-bath treatment, for 
the same reason as in dipping. Coal tar is so ropy 
and sticky that it will scarcely penetrate even the most 
easily treated woods. Crude petroleum enters the 
wood rather readily, but lacks strong antiseptic quali- 
ties. A long bath in crude petroleum may, however, 
prove a feasible method of treatment where petroleum 
is very cheap and the woods used are readily imprcg- 
nated. Creosote is usually the best preservative to em- 
ploy. Coal-tar creosote requires a slight heating to 
liquefy it. 

Water in the wood cells resists the penetration of 
the oil. Thorough seasoning before treatment is, there- 
fore, necessary to allow the oil to penetrate readily 
and to prevent checking after treatment. 

The cold-bath method of treatment has not yet been 
thoroughly investigated. It is probable, howev:r, 
that it will impregnate but few woods. The woods 
which are likely to prove most suitable are beech, cot- 
tonwood, the gums, pin and red oaks, the pines, sy«a- 
more, and tulip tree. 

IMPREGNATION WITH CREOSOTE. 

Method of Treatment.—The impregnation of fence 
posts with creosote is best accomplished by the so- 
called “open-tank” process.* This consists of heating 
the wood for a certain period and then cooling it in te 
preservative. The principle is simple: During tie 
heating the high temperature causes the air and watcr 


1 Petroleum-tar creosote is derived from petroleum tar, which is a \y- 
product of the manufacture of water gas, It is possibly not so effici nt 
a preservative as coal-tar creosote, but it may be used with good resu'ts, 
and is often cheaper. 

2 Coal-tar creosote is a derivative of coal tar, which is a byproduct in 
the manufacture of coal gas and of coke. Its price is comparatively |: \. 

So designated to distinguish it from the “closed” or “ pressu:c” 
cylinder process, which is often employed in creosoting ties and piline. 
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contained in the wood cells to expand, so that a por- 
tion of this air and water is forced out. The rest con- 
tracts as the subsequent cooling progresses, and a par- 
tial vacuum is formed, into which atmospheric pres- 
sure forces the cool preservative. Fig. 1 shows sec- 
tions of posts treated in this manner. 

The open-tank principle may be variously applied in 
the treatment of posts. The best way to heat the posts 
is to immerse their butts in creosote maintained at a 
temperature of 220 deg. F. If a single tank is used 
the cooling bath may be given by permitting the tem- 
perature to fall, and in this case the preservative must, 
of course, be used for the hot bath. It is better, how- 
ever, to employ an additional tank containing the cold 
preservative. If two tanks are used and a thorough 
impregnation of the top of the post is desired, the 
cold-bath tank should be large enough to permit the 
soaking of the entire post. The top of the post will 
not be too heavily impregnated because it has not 
been immersed in the hot oil. Creosote is usually the 
most satisfactory preservative. With two tanks crude 
petroleum or any heavy (high-boiling) oil may be used 
in the hot-bath tank. 

Forms of Treating Tanks.—The simplest form of 
treating plant is shown in Fig. 2. It consists of two 
creosote barrels, placed about 7 feet apart and con- 
nected by a 3 or 4 inch pipe. The heating is ac- 
com):|ished by building a fire under the pipe. This 
outfi' is, in some particulars, unsatisfactory. It is cer- 
tain to leak after a few days, and, in addition, the shal- 
lowness of the barrels is a serious disadvantage. 
Nevertheless, the barrel outfit may suffice when only a 
few posts of readily impregnated wood are to be treated 
and when, in consequence, the treatments are few and 
shori. To lessen the danger of leakage the pipe should 
be fiited: with lock (jam) nuts. Further, the barrels 
shoul be shielded from the direct heat of the fire. Each 


Fie. 3.-LIGHT IRON TANK HEATED BY THE 
PIPE METHOD OF DIRECT HEATING. 


barrel should be set in a shallow box or provided with 
some gutter arrangement to catch the oil in case of an 
unexpected leak. A U of 1%-inch pipe, as shown in 
Fig. 3, may be used in heating a single barrel. 

The apparatus shown in Fig. 3 will probably be of 
most general value. The method of heating used: for 
the barrel outfit is here applied to a light (14-gage) 
galvanized-iron tank. A cylindrical tank, 3 feet in di- 
ameter and 4 feet high, fitted with a U of 3-inch pipe, 
can be purchased for $12 to $15. This cost is very rea- 
sonable when the permanency of the outfit is con- 
sidered. 

In the method of heating illustrated in Fig. 4 a black 
iron tank is used, and the fire is built under it. A fire 
box and a hot-air chamber are constructed with brick, 
and a sheet-iron collar caps the masonry. The tank is 
supported by a strong foundation. Such an outfit, with 
atank 3 feet in diameter and 4 feet high, made of 
3/16-inch black iron, would probably cost from $25 to 
$30. The tanks used by the Forest Service are shown 
in Fig. 5. These are heated by steam and prove satis- 
factory. The two tanks and the necessary piping cost 
$50. ‘ 

The use of a cold-bath tank is advisable whenever a 
large quantity of material is to be creosoted. If only 
butt impregnation is desired a cylindrical, galvanized- 
iron tank 3 feet in diameter and 4 feet high, costing 
$10 or $12, may be employed. If the tops are also to 
be impregnated the tank should be rectangular, 8 feet 
long, 3 feet wide, and 3 feet deep. Such a tank would 
Cost approximately $20. Provision must be made for 
Slightly heating the cold-bath tank, since creosote is 
Cften solid at atniospheric temperature. The best re- 
sults are obtained at a temperature of 100 deg. to 120 
deg. I. A thermometer reading to 250 deg. F. is a 
Necessary part of every equipment. 

Preparation of the Posts for Treatment.-—For treat- 
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ment with creosote some importance attaches to the 
size and the form of the posts. The removal of the 
bark and the seasoning of the wood before treatment 
are essential for success. At present many posts of 
large size are used in order that the strength of the 
fence may still be sufficient after decay has progressed 
for several years. Obviously such large posts are un- 
necessary if proper preservative treatment is given, 


Fie. 4—HEAVY IRON TANK HEATED BY FIRE 
UNDERNEATH. 


and, since the cost of treatment increases rapidly with 
the size of the post, there is much advantage in using 
comparatively small ones. For instance, a well-treated 
line post need not exceed five inches average diameter. 
The figures in Table 1, “Recommended Treatments for 
Various Woods,” are based on posts of this size. See 
next installment. 

The form of the post, whether it is round or split, 
may influence the efficiency of the treatment. A split 
post necessarily has heartwood exposed to the air. 
With some woods this is immaterial; with others the 
heartwood cannot be impregnated, and untreated heart- 
wood wiil prove inferior in durability to properly 
treated sapwood. Therefore, only round posts of the 
latter class should be used. In general, the heartwood 
that is highly colored, such as that of oak and yellow 
pine, is practically impenetrable. 

The tops of the posts should be cut obliquely to shed 
rain water. A bevel made with an ax is preferable to 
ene made with a saw, because it is smoother. Bevel- 
ing is particularly important if the tops of the posts 
are not to be treated. 

Bark retards or prevents the penetration of the pre- 
servative into the wood. It also uselessly increases the 
cost of treatment by itself absorbing oil. Peeling the 
posts before treatment is, therefore, necessary. Even 


the papery inner bark should be carefully removed, 
especially in the case of pine and basswood. 


Fie. 5.—EXPERIMENTAL OUTFIT HEATED BY 


STEAM. 


The rectangular horizontal tank is for the cold bath. 


Thorough seasoning should always precede impreg- 
nation. Even air-dry wood is unfit for treatment after 
a heavy rain, and when thus saturated should be per- 
mitted to dry for at least three days of good seasoning 
weather. 

Under favorable conditions the average period re- 
quired to season posts is five weeks, but this period 
varies widely according to the kind of wood, the season 
of the year, and climatic conditions. A simple method 
of determining the degree of seasoning is to weigh a 
few representative posts every few days. As a rule, an 
air-dry condition is reached when the loss of moisture 
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is less than one pound per post (of five inches aver- 
age diameter) during five days of good seasoning 


weather. 
(To be continued.) 


A DOMESTIC WASHING-MACHINE.* 

A coop many years ago the writer saw a little do- 
mestic washer and made one like it, and two or three 
afterward for members of his family. They answered 
very well for dealing with a few small articles. He 
has recently seen a machine nearly identical in con- 
struction, but made mostly of sheet metal. The illus- 
trations show his old machine. It comprises a set of 
rollers in a box, between which and a rocker the arti- 
cles are squeezed and rubbed. It is made either in 
red deal or in pitch-pine. 

The trough is shown in Fig. 1, made of 1-inch or 
1%-inch stuff, with the grain disposed as shaded. The 
ends AA are rebated tightly into the sides BB, and 
secured with wire nails, and rendered watertight by 
a good application of thick white lead, smeared evenly 
over the ends and in the grooves previous to nailing. 
A rebate is planed out round the bottom C, which is 
also fitted with a white-lead joint, and well nailed on. 
Battens are screwed on the bottom to keep it up off the 
ground. 


The rocker is shown in Fig. 2. Two sides, FF, 
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having their lower edges cut nearly to a semicircle re- 
ceive the semi-cylindrical strips G, which are rubbed 
ever the clothes lying between them and the rollers in 
the trough. The strips are screwed on with one brass 
screw in each end. The upright lever arms HH are 
screwed to the sides, also with brass screws. A cen- 
tral cylindrical bar, J, is fitted between the uprights to 
form a stretcher, and also to form the trunnions or 
fulera, and another bar, K, above, to serve as a 
handle; both, of course, being made and fitted before 
the uprights are screwed to the sides. A brass ferrule 
is driven on the trunnion-pins, to delay wear. 

The rollers E (Fig. 1) are turned in beechwood, and 
run in holes in the curved pieces DD, fitted within 
the trough. These are of beech, and made in two 
lengths on each side to avoid short grain. The journal 
ends would wear rapidly if they were not preserved 
with ferrules. These are short lengths of brass tube 
driven over the ends. The holes may also be fer- 
ruled; but it is as little trouble to renew the pieces 
entirely when worn slack as to ferrule them. They are 
fitted into the trough, filling up into the corners, and 
three screws will suffice to hold each piece in place. A 
water tap is driven in at one end to withdraw the 
dirty water through. Nothing is done to the interior. 
The exterior is either painted or varnished. 


* English Mechanic snd World of Science, 
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WHAT WE HNOW ABOUT THE EARTH—Il1. 


MANY PUZZLING QUESTIONS ANSWERED BY SCIENCE. 


Tue awful phenomena of earthquakes, in which the 
firmest thing we know—the ground on which we walk 
—begins to shake, and in which often in a few mo- 
ments all human work is reduced to ruins and thou- 
sands of human lives destroyed, have always power- 
fully attracted the attention of men. Fervid fancy 
was tireless in picturing ever new horrors. It was 
supposed that the tremors were due to the movements 
of fabulous monsters, or to the malign fury of demons, 
or to the anger of the deity. With the increase of 
civilization, natural science began to occupy itself 
with the phenomena of earthquakes. At the present 
day civilized nations have united in common syste- 
matic work. The Géttingen Geophysical Institute on 
the Hainberg represents one of the German seismo- 
logic stations. For some years the Géttingen Scien- 
tific Society has maintained a station for geophysical 
observations in the tropical belt of the Pacific, at Apia, 
on German Samoa, and one of its adjuncts is a seismo- 
logic station. 

At the first the observation of earthquakes was 
naturally confined to the direct investigation of the 
traces left by them. Soon, however, special instru- 
ments were employed -in order to gain a more accurate 
idea of the nature and magnitude of the earthquake 
movements. As these instruments were improved, the 
scope within which tremors could be observed at a 
distance from their focus grew wider. Finally it ap- 
peared that instruments of sufficient delicacy are able 
to record the tremors produced by every large earth- 
quake originating anywhere on the globe. Since that 
time—from about 1890 onward—earthquake investiga- 
tion gained a mighty impulse; for the observer was 
henceforward no longer confined to local investiga- 
tions, but enabled to trace the earthquake processes of 
the whole earth from any station, no matter where 
situated. 

Science asks, What is the significance of earthquakes 
in the history of the development of the earth? What 
is the nature of the shocks that are propagated to a 
distance? What paths do they follow? What do they 
tell us regarding the condition of the globe? Anxious 
humanity will also demand an answer to the further 
question, How can we know what localities are en- 
dangered, what antecedent symptoms may be used as 
warnings, and what sort of structures must be erected 
in order to afford protection? 

You see the tasks are numerous and involve pro- 
found interests of science and of human life. Thus we 
can understand the extraordinary zeal with which 
earthquake investigations are conducted nowadays. I 
must resist the temptation to present to you a general 
picture of this activity and of its achievements, for 
my time is drawing to a close. For the purposes of 
our present theme, we are concerned only with one 
question, What do earthquake observations teach us 
concerning the condition of the globe? 

Volcanic eruptions are accompanied by earthquakes; 
earthquakes also result from the collapse of subter- 
ranean caves, for example, those hollowed out by water. 
But both the “voleanic earthquakes” and the “collapse 
earthquakes” are only of subordinate importance for 
the globe. In the main, earthquakes occur when sud- 
den displacements take place in the earth’s crust, along 
fissures either of ancient origin or newly developed. 
The displacements thus formed on the surface, and 
the shocks by which they are accomplished, are the 
factors that produce the fatal effects. But all this I 
mention merely in passing. The essential point for our 
present’ purpose is that earth tremors starting from 
the focus of the quake pass through the body of the 
globe as elastic waves. To these earthquake waves 
we must now turn our attention. 

The oscillations of the ground caused by these waves 
are recorded by the seismometers of the seismologic 
stations. It is found that the oscillations of great 
earthquakes are preceptible for hours. At the same 
time various kinds of oscillations may be distinctly 
observed, which pass through the globe at different 
rates of velocity. The swiftest are those waves in 
which, as in the case of sound waves in the air, the 
oscillations take place in the direction of the move- 
ment of propagation to and fro, the longitudinal waves, 
as they are called in science. Transverse waves, in 
which, as in the case of light, the oscillations take place 
at right angles to the direction of propagation, show 
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only half the velocity of the longitudinal waves. Con- 
siderably slower even than the transverse waves are 
the rocking waves, resembling sea waves, inasmuch as 
they pass along the surface and do not reach a great 
depth. It is precisely the last-arriving surface waves 
that as a rule cause the greatest oscillations of the 
ground, far from the focus, and which accordingly be- 
come most prominent in the records of the instru- 
ments; they are on that account called “principal 
waves.”” In contradistinction to them, the longitudinal 
waves first arriving are called “first precursors” and 
the next-following transverse waves are called “second 
precursors.” 

As the principal waves are limited to the surface, 
they can give us no information on the condition of 
the deeper parts of the earth, and hence we are not 
now concerned with them. The case is different with 
the “precursors.” Their behavior shows that their 
paths lie through the body of the globe. From the 
observations made at the surface we are, in fact, en- 
abled by the aid of calculation to trace their paths 
with accuracy through the depths of the earth. How 
is that possible? I must attempt to give you at least 
an approximate idea of it. 

If the precursors remained at the surface of the 
earth, the velocity with which they are there propa- 
gated would have to remain the same at all distances 
from the focus. Now, this is not the case. On the 
contrary we note that the velocity of their propaga- 
tion increases the farther we remove from the focus 
and the closer we approach to the opposite point. We 
are thus led to the conclusion that these waves must 
find paths of more rapid propagation in the depths of 
the earth. By studying the manner of their propaga- 
tion along the surface it is possible, by means of 
mathematics, not only to calculate their paths in the 
interior of the earth, but also to ascertain the velocity 
of their propagation along those paths. It is a beau- 
tiful illustration of the power of mathematics that all 
this can be done without any appeal to unsafe hypoth- 
etical assumptions. We are merely concerned with 
reliable deductions from the observations themselves. 
The more accurately we are able, by the aid of the 
seismologic stations, to record the rate of propagation 
of the waves on the surface of the earth in point of 
time, the more accurately are we able to trace the 
paths and the velocity of the earthquake waves in 
the interior of the earth. At this moment there are 
probably one hundred seismologic stations in existence, 
with instruments which constantly record the earth- 
quakes. Quite a number of these stations possess in- 
struments so fine and so carefully watched that the 
arrival of earthquake waves can be recorded with 
precision to within one or two seconds. Thus even at 
this day, when we can look back over hardly more than 
ten years of more intense work, we possess a mass 
of records that we are able to use for reliable deduc- 
tions. And what do we find? I hope that you will feel 
some astonishment when I announce the results, and 
to share with me to some degree the investigator’s 
joy, when I address you as the representative of geo- 
physics. 

It is found that to a depth of about 1,500 kilometers 
the velocity both of the first and of the second pre- 
cursors steadily increases, to become suddenly almost 
constant from that point onward. It is probable that 
there is a gradual increase in velocity even beyond that 
point; but this is so slight that existing observations 
do not as yet permit any definite conclusion regarding 
it. This statement is valid to a depth of about 3,000 
kilometers, that is to say, about halfway between the 
surface and the center of the earth. Existing observa- 
tions do not permit us to carry our inferences farther 
into the interior. But I think even this is a respec- 
table achievement, and, moreover, we have every hope 
of farther advance and eventually reaching the center. 

We will now turn to the point in which We are speci- 
ally interested. While the behavior of the earth’s 
strata changes at a uniform rate down to a depth of 
about 1,500 kilometers, a sudden jump occurs at that 
depth. What does this mean? Evidently we have to 
infer that at a depth of 1,500 kilometers there is a 
sudden change in the condition of the earth’s strata. 
Recall now, if you please, what I said in the beginning 
of my address concerning the conclusions which we 
are authorized to draw concerning the masses in the 
interior. We found that in all probability the earth 
contains a metal core embedded in a rocky mantle 
some 1,300 to 1,600 kilometers thick. You will admit 


that the evidence furnished by earthquake study agrees 
with this conclusion in a remarkable manner. We are 
justified in assuming that the place of the jump in the 
propagation of earthquake waves is recisely the pass- 
age from the rock mantle to the metal core. This van- 
ishes the uncertainty which affected our conclusions 
concerning the composition of the earth out of core and 
mantle, so long as we were able merely to appeal to 
observations on gravitation and on the flattening of ‘he 
earth. With greatly strengthened confidence we nay 
now affirm that the earth consists of a.metal core en- 
veloped in a rock mantle. Previously we were only able 
to estimate the thickness of the rock mantle in a criide 
way as approximately 1,300 to 1,600 kilometers. ‘he 
earthquake phenomena now tell us that the thickness 
amounts to about 1,500 kilometers. The residuum of 
uncertainty can hardly exceed 100 kilometers. Sim- 
ilarly, our previous inference regarding the density 
of the metal core now attains increased certainty, and 
the conclusion that the material of the metal core is 
mainly iron gains a new support. : 

I have not yet given you any indication of ihe 
velocity of propagation of earthquake waves. I will 
now state that the first precursors traverse near ihe 
surface about 7 kilometers in a second, and in ithe 
metal core about 13 kilometers in a second. In case of 
the second precursors the corresponding figures «re 
about 4 kilometers at the surface and 7 kilometers in 
the metal core. The principal waves, which move along 
the surface of the earth, traverse about 3.4 kilomet:rs 
in a second. 

The mathematical theory of elasticity enables us to 
infer the elastic properties from the velocity of the 
elastic waves. Thus the earthquake observations of 
the present day also place it within our power to 
determine the elasticity of the earth’s strata with 
accuracy down to half the distance from the center. 
We find that as we descend, the rigidity of steel, that is 
to say, its elastic resistance to changes of form, is 
exceeded after-a few hundred kilometers. The metal 
core shows a rigidity four times as great as that of 
steel. All this agrees perfectly with what we learned 
concerning the rigidity of the earth as a whole, from 
the tides and from the oscillations of the poles. We 
are also enabled to calculate the compressibility of 
the earth’s strata by pressure. As a definite inference 
therefrom, we learn that the increase in density toward 
the earth’s interior can not be explained by the pres- 
sure of the overlying strata. What 1 was at first 
able to present to you merely as a conjecture, namely, 
that the differences in density in the earth indicate 
differences in material, thus becomes a definite and 
precise outcome of observations. 

But how are we to explain why the rigidity in- 
creases so rapidly toward the interior, and in the core 
is even four times as great as the rigidity of steel, 
seeing that we are to suppose the mantle to be com- 
posed of the known rocks, and the core mainly of iron? 
The answer is very simple: Evidently we have here 
the effect of the pressure of the earth’s strata, which 
forces the molecules closer and closer together the 
farther we penetrate into the interior of the earth. 
As proved by calculation, the pressure at the surface 
of the metal core amounts already to half a million 
atmospheres and increases toward the center of the 
earth to about 3,000,000 atmospheres. Under such cir- 
cumstances, it may readily be conceived that there 
must be an increase in rigidity. The fact that earth- 
quake phenomena furnish information concerning the 
behavior of matter under such high pressure is of the 
greatest importance for physics, for by our human 
appliances in laboratories we are enabled to produce 
a pressure of at most a few thousand atmospheres. 

You will probably expect me to say something re- 
garding the temperature in the interior of the earih. 
I can not say much. That the temperature is very 
high is proved by the rapid rise observed wherever 
men have penetrated into the interior—in mines, in 
railway tunnels, in drill holes. It is also proved by 
the hot springs and, above all, by the volcanoes. Near 
the earth’s surface, where we are able to make direct 
observations, we find an increase of temperature of 
about 2 to 4 degrees centigrade for every 100 meters. 
Considerations based on these observations sugg«st 
that in the far interior of the earth the temperature 
must surely attain some thousands of degrees centi- 
grade. That the material of the earth nevertheless 


does not become liquid or even gaseous at such high 
temperatures, but is proved to be very rigid, must ve 
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attribuied to the extreme pressure, which packs the 
molecules together and robs them of their mobility. 
Keeping this in mind while trying to ascertain the 
physical behavior of bodies with increase of tem- 
perature, we May infer that the temperature in the 
jnterior of the earth must certainly remain below 
9,000 degrees; in all probability it does not even reach 
4,000 degrees. 

Let us look back over everything that has been 
discussed to-day. As the verdict of science, we learn 
that (he earth has become, as it were, transparent to 
our view. In particular the earthquake waves render 
to the geophysicist somewhat the same service that 
the Rontgen rays render to the physician who tries 
to examine the human body. 

If we consider the feebleness of human means, na- 
tural science may well be proud of its achievements. 
But we should not forget also that the retrospect affords 
us no less motive for humility; for, as I tried to point 


out, success was only achieved by an immense expendi- | 


ture of labor and pains. And yet I have reported to 
you only the advances, and have said nothing of the 
failures and mistakes, nothing of the labor that was 
spent in vain, 

In fact, in this respect geophysics does not differ 
from the other branches of natural science—every 
forware step which man is able to make in the path of 
know edge is dearly purchased. But this need not dis- 
coursze us. So long as the joy of life fills the breast 
of mon conquerors will be found ready, not as dreamers 
put with the will to do, placing their strength reso- 
lutely and joyously at the service of the investigation 
of neture. 

I will add by way of supplement a few remarks 
additonal to those made in the address. 

(a The moon a drop of the earth’s crust.—To man, 
standing on the surface of the earth, the tide waves 
seem to run around the earth with the moon. But if 
we inagine an observer stationed in space he will 
have the impression that the earth revolves beneath 
the ‘ide waves created and held. in position by the 
attraction o:. the moon and sun. As the tidal currents 
involve friction of various kinds, it is evident that the 
eart!) must be checked in its revolution. The retarda- 
tion is but slight; calculating from the present factors, 
we infer that it would merely add one second to the 
lengii of the day in about five hundred thousand 
years. However, looking back into the past, we find 
that many millions of years ago the earth revolved far 
more rapidly than it does now. The tidal friction has 
another consequence of importance for our inquiry: It 
causes the moon to move farther and farther away 
from the earth. To understand how this comes about 
we must note that the rotating earth drives the tide 
waves somewhat forward, in advance of the moon. 
As a consequence, the tide waves by reciprocal gravita- 
tion, impart to the moon a constant forward impulse, 
and this acceleration, which means an increased force 
of revolution, drives the moon away from the earth. 

If. with our minds filled with the ideas thus gained, 
we go back to remote ages, we arrive by the aid of 
calculation on the basis of actual conditions, at a time 
when the earth performed one revolution in a few 
hours, while the moon revolved around it in immediate 
proximity, in the same space of time. This evidently 
leads us back to the time when the moon itself origi- 
nated by detachment from the earth. The process 
must have been somewhat as follows: In the early 
ages the earth in its outer parts was liquid, or even 
gaseous. Contraction, due to cooling, caused its motion 
to become more and more accelerated, till finally it 
reached a point where gravitation was no longer 
sufficient to maintain the ellipsodial shape. As in- 
ferred by calculation, the subsequent detachment of a 
drop began thereupon to be preindicated by the de- 
velopment of a pear-shaped appearance. This pear- 
Shaped body was constricted more and more, until 
the original single planet was divided into a main 
body, the earth, and a satellite, the moon. As the 
moon was thus formed of the outer parts of the origi- 
nal body, we infer that it consists of the same material 
that in the earth was arranged in the form of a rock 
mantle. The friction of the tides thereupon carried 
the moon farther and farther away from the earth, 
and diminished the rate of rotation of the earth. 
Thus the moon, which to-day describes its orbit at a 
great distance from the earth, is simply a drop de- 
tached from mother earth by the centrifugal force. 

A very interesting question is that regarding the time 
that has elapsed since the moon was severed from the 
earth. Keeping in view the magnitude of the forces 
at work in the tide phenomenon, we can form at 
least an approximate judgment concerning it. We in- 
fer that it, took place about ten thousand million 
years ago. By an “approximation” we must under- 
Stand in this case that the time can hardly have been 
Mor: than one hundred thousand million years, but 
ver) probably more than one thousand million years. 
Life on the earth car only have begun a good while 
after the separation of the moon, and yet we are forced 
to admit that life has lasted several thousand million 


years. 
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Compared with human life, a period of ten thous- 
and million years appears enormous; and yet it is 
so small that even the moon can not have lost, during 
that period, any great fraction of the heat that it 
took away at its birth. Thus we have to infer that the 
moon, like the earth, is still intensely hot in its in- 
terior. As the pressure conditions in the interior of 
the moon’s body must be similar to those existing in 
the rock mantle of the earth, we arrive at the con- 
clusion that the physical conditions of matter in 
the rock mantle of the earth are not greatly different 
from those prevailing in the body of the moon. We 
saw that the material, too, must be the same. Thus 
we are presented with an opportunity to a certain 
degree to test the correctness of the views above 
developed; for if they are correct, the rock mantle of 
the earth and the body of the moon must have very 
nearly the same density. It was shown a while ago 
that, according to observations on earthquakes, the 
thickness of the rock mantle is to be estimated at 
1,500 kilometers. If with this we combine the known 
data on the average density of the earth and the 
degree of its flattening, we may conclude that the ma- 
terial in the rock mantle is on an average 3.4 times 
denser than water. The average density of the moon, 
on the other hand, may be inferred from astronomic 
observations. And what is it? Referred to water, 
3.4. A better agreement than this could not be wished, 
and through it we gain a further and very import- 
ant support ‘for the whole series of our conclu- 
sions regarding the condition of the globe. 

(b) The earths crust——Vast differences in eleva- 
tion are found to exist on the surface of the earth. 
Some plateaus are situated 2,000 meters and more 
above sea level; the highest mountain tops rise to 
nearly 9,000 meters. The floor of the ocean lies on an 
average about 3,500 meters below sea level; the great- 
est depths of the sea attain about 9,000 meters. On an 
average, the land rises about 4,200 meters above the 
floor of the sea. In view of these facts it seems natural 
to infer that the elevations indicate accumulations of 
mass and the depressions deficiencies of mass, and 
in fact this was formerly supposed to be the case. But 
if this were really so, gravitation on the earth would 
have to be greater the higher the surface; but this 
is by no means the case. On the contrary, the meas- 
urements of gravitation have shown that while varia- 
tions occur, indicating an excess or a deficiency of mass 
at various points, on the whole the mass of the earth 
is uniformly distributed over its surface. Thus the 
elevations and depressions of the earth’s crust in a 
general way mean simply that in the former the crust 
is less dense, in the latter denser, and that for this 
reason it rises higher at the former points, less high 
at the latter. 

These conclusions assume a special significance for 
the reason that, as shown by geologic investigation, 
rock strata many thousand meters thick have in the 
course of past ages, mainly through water circulation, 
been carried away from certain parts of the earth 
and deposited at other points. How is it possible that 
nevertheless the mass is to-day distributed with prac- 
tical uniformity all over the earth? To explain this 
there is no other way than by assuming that the 
superficial accumulations of mass are compensated for 
by subterranean removal. Therefore the solid crust 
must have a soft sub-stratum, on* which it floats, as it 
were. Geologists have for this reason often been led 
to infer that the interior of the earth is liquid. We 
have seen that the earth as a whole, in the presence 
of tidal forces, in the case of pole oscillations and of 
earthquake waves, behaves as a solid and that it is 
even remarkably unyielding in the matter of elasticity. 
Hence we can not conceive the interior of the earth as 
being liquid throughout, in the current meaning of the 
word. It is possible, however, that beneath the outer 
solid crust there exists at no very great depth a 
molten layer, so thin in proportion to the earth’s body 
as not to cause any perceptible diminution of its 
rigidity. Volcanoes might then be regarded as vents 
connecting that layer with the surface. It might also 
be imagined that the liquid layer at the present day 
no longer extends beneath the entire crust, but that it 
is interrupted by solidified portions and thus divided 
into provinces. Various phenomena of vulcanism would 
seem to agree better with that assumption. 1 will 
readily grant that such inferences may correspond to 
the reality; but yet it seems to me very remarkable 
that the observations on earthquakes furnish no indi- 
cation of a liquid layer. While I must admit that the 
mass of existing observational material is as yet small, 
and that this fact may explain the circumstance just 
mentioned, yet while awaiting further developments, | 
am inclined to subscribe to the view that really liquid 
areas are found only in isolated parts of the earth’s 
crust, and that on the whole the substratum of the 
crust is not “liquid,” but merely “plastic.” It is 
well known that many apparently solid bodies grad- 
ually yield even to very slight deforming forces, if 
these act long enough. A stick of sealing wax sup- 
ported at both ends will bend, according to the tem- 
perature, in a few minutes, days, or years; pitch flows 
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readily and quickly. Glass acts like sealing wax even 
under a slight rise of temperature, and the same 
has been proved to be the case with many minerals. 
There is reason to believe that by far ‘the greater part 
of the substances surrounding us, perhaps all, are 
plastic, provided sufficient time is available for them 
to show it. Thus it seems possible that the earth's 
crust in the deeper, hot parts may indeed act as a 
solid toward the quickly passing earthquake waves, but 
as a plastic body toward the geologic forces acting 
through millions of years. 

One more point has to be considered, which is of 
great importance, in many respects of decisive im- 
portance, for the shaping of the earth’s crust and of 
the visible surface of the earth. A notable part ot 
the rocks forming the earth’s surface possesses the 
property, when subjected to high temperature and high 
pressure, of absorbing water and forming with it 
more liquid and less dense compounds. Thus we may 
well assume beneath the earth’s surface a hot rock 
layer formed of these water-impregnated compounds; 
it is usually called the “magma layer.” It probably 
represents the plastic factor which, by yielding to 
increased pressure, effects the equalization of mass in 
the earth’s crust. During the gradual cooling of 
the earth the water is liberated from the magma. It 
has often been suggested, and I must confess that | 
am disposed to welcome the suggestion, that in this 
way the origin of the entire ocean may be explained, 
and that the hot springs show us at least some of the 
paths by which the water liberated from the depths of 
the earth by cooling and forced out by the pressure 
of the earth, is conveyed to the ocean. 

One more remark. The plasticity of the earth's 
crust gives rise to a peculiar instability of the surface. 
If, in the case of differences of level, material is 
washed away from one part of the surface by water 
and deposited on another part, the earth's crust at the 
points of denudation must rise in consequence of dimin- 
ished pressure, while at the points of deposition it 
must sag by reason of the increased pressure. Hence, 
at the points of denudation hot, water-charged, and 
therefore less dense rock masses will rise from be- 
neath, while at the points of deposition water-free, cold, 
and therefore denser strata will descend. Conse- 
quently, as a final result, the former higher parts of 
the earth become less dense, so that their surface, 
despite denudation, must be raised still higher, while 
the former deeper parts of the earth become denser 
and their surface therefore descends still lower than it 
was before. Thus denudation and deposition, instead 
of equalizing, accentuate differences of level. Moun- 
tains rise still higher, the sea bottom sinks still lower, 
and this continues until other factors make themselves 
felt. We have thus arrived at the exceedingly com- 
plex geologic processes which determine the forma- 
tion and transformation of continents and seas, plains 
and mountains, and this reminds me that it is time to 
close, for the discussion of that theme would require 
a treatise by itself. 1 am all the more compelled to 
conclude at this point because even the indications 
that I gave exceed the limits of what is generally ad- 
mitted in geology, and I shall therefore have to prove 
the correctness of my assertions elsewhere before the 
tribunal of science. 


FLOOD DRAINAGE IN PARIS. 

AccorpiING to a report by M. Colmet Daade, the engi- 
neer-in-chief to the commission appointed to consider 
the question of flood prevention in Paris, the main 
drainage is inadequate for safeguarding the city in 
the event of an unusually wet Summer. Owing to the 
numerous bends of the river within the metropolitan 
area the risk of flooding in Paris is even greater than 
that of London, as it was before the important exten- 
sions which have been made to the drainage system 
during recent years. Consequently it is desirable that 
steps should be taken without unnecessary delay. At 
the present time recent rainstorms have had the effect 
of raising the level of the river by several inches, a 
development which has probably influenced the Prefect 
of the Seine Department to ask the Municipal Council 
for a sum of 200,000 frances for the execution of flood 
prevention works.—The Builder. 


MATANUSHA COAL FIELD. 

A SYSTEMATIC investigation of the Alaska coal fields 
was begun in 1902. Reconnaissance surveys have now 
been carried over nearly all the coal-bearing areas that 
are of immediate economic importance and detailed 
investigations of some of these areas are now in 
progress. In accordance with the general pian the 
detailed survey of the Matanuska field will be under- 
taken this season. For this work the topographic base 
map completed in 1909 will be used. The survey will 
be made under the direction of G. C. Martin, assisted 
by F. J. Katz and Theodore Chapin. Mr. Martin has 
sailed from Seattle with five men and six horses and 
will spend the Summer in the Matanuska field. This 
party expects also to make a- reconnaissance of the 
Willow Creek gold-bearing district. 
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ENGINEERING NOTES. 

A good lubricant for hoisting-ropes, according to 
Mines and Minerals, is made by mixing one bushel 
of freshly slaked lime to a barrel of coal tar, or a 
mixture of pure tar and tallow can be used. When 
pine tar, which contains no acid, is used as a base, 
lime is unnecessary, as tar is solution-proof to ordinary 
mine water. Another good mixture contains tar, sum- 
mer oil, axle grease, and a little pulverized mica, 
mixed to a consistency that will penetrate between 
the wires to the core and will not dry nor strip off. 
The lubricant should not be so thick as to prevent in- 
spection of the rope, and after the first application 
should be used sparingly, so that the rope may be 
kept clean and free from grit. Graphite mixed with 
grease is another lubricating mixture that is used 
successfully, and sometimes pulverized asbestos is used 
instead of graphite. 

For nearly three years the question of water sup- 
ply in Cairo has been under consideration, and the 
government has at length arrived at a definite con- 
clusion. It will be remembered that in 1903 it was 
decided to obtain the water supply for Cairo from 
deep wells at Rod-el-Farag instead of from the Nile. 
Subsequently numerous complaints arose as to the 
quality of the new water, and the native population 
evinced a very strong feeling in favor of the direct 
supply from the Nile. The whole subject was sub- 
mitted to a committee, who, after experiments and 
deliberations lasting over nearly eighteen months, 
recommended that, subject to proper precautions be- 
ing taken as regards intake and filtration, the wells 
should be abandoned and the water supply taken from 
the Nile. The government approved these recom- 
mendations, and have now arranged with the water 
company of Cairo to revert to the river supply, un- 
der conditions as regards intake and filtration laid 
down by the Public Health Department. 

Gravity-quarrying operations to secure material for 
filling low ground are conducted in an unusual man- 
ner by the San Francisco Quarries Company near 
Richmond, Cal. This company operates a large quarry 
near that town, and adjacent to it is one that was 
abandoned some years ago because the earth cover 
over the rock became too deep to permit it to be 
stripped economically. Some time afterward, when 
a demand arose for material for filling, the old quarry 
was partially reopened to secure it. According to 
the Engineering Record, a tunnel, 80 feet long, was 
run in from the bottom of the face of the quarry to 
the foot of a shaft sunk to a depth of 100 feet through 
the rock ledge above it. By blasting at the top of 
this shaft, a large amount of material is delivered 
into the tunnel, where it is loaded by gravity into 
ears. The cars are then hauled out to the edge 
of a fill on the steep slope of the hill, and the ma- 
terial dumped from them through traps into cars 
in a lower tunnel. 

W. J. Kress has taken out a patent on producing 
paper pulp from the fruit of trees of the cocoanut type. 
Cocoanut fibers (coir refuse) are prepared | a me- 
chanical tearing or i terial 


is then treat ; it of a so 
tion of the followi: p i va +, 1,000 liters: 
potassium carbo: kilogroms; sodium carbonat: 


19 kilograms; causti: soda (70—72 per cent), 5 kilo 
grams; “solidified gasoline,” 20 kilograms, and sodium 
chloride (optional), 30 kilugiaws. The materials ar: 
digested for five hours in an autoclave at a tempera- 
ture of about 150 deg. C.; the liquid is then strained 
off and the fiber is reduced to pulp. The same liquid 
may be used ten times in succession if the losses are 


made good by the addition of fresh liquor. The “solidi- 
fied gasoline” is prepared by melting 10 kilograms of 
soap with 10 kilograms of rosin and dissolving the 
heated mixture in 80 kilograms of petroleum of sp. 
gr. 0.813; a solution of 9 kilograms of caustic potash 
in 12 kilograms of water is then stirred in, and finally 
a hot solution of 3 kilograms of boric acid in 12 liters 
of water is added. 


ELECTRICAL NOTES. 

The Berliner Tageblatt announces that a cable will 
be laid between Emden and Brest. Half the cost will 
be borne by France and half by Germany. The new 
cable, which will be used in conjunction with colonial 
cables, is expected to free France and Germany com- 
pletely from the necessity of using British lines. 

There has been erected in the United States navy 
station at Colon a complete wireless telegraph equip- 
ment, including antenne. The new equipment consists 
of the latest improved design of Fessenden apparatus. 
The transmitting apparatus is of the high-frequency 
500-cycle type, with a rotating spark gap which is 
attached to a 25-kilowatt generator. Two compressed 
air condensers, each operating under 250-pound air 
pressure, are also used. Power for operating the 
transmitter is received from the Isthmian Canal Com- 
mission plant at Gatun. This equipment was put into 
operation on March ist last, and has since operated 
satisfactorily. 

Electrostatic voltmeters can be made for measuring 
very high pressures by designing them so that the 
active parts are in compressed gases. The advantages 
of doing this are the suppression of glow and brush 
discharges and of the “electric wind.” The working 
parts can be put much closer together, and so larger 
forces are obtained. The constant of the apparatus is 
practically independent of the pressure of the gas, and 
the damping can be easily regulated. Using a Braun 
electrometer and air at a pressure of from 4 to 9 atmos- 
pheres, the authors of a paper on this subject measured 
the pressures produced by a Wimshurst machine up 
to 80,000 volts. 

A special meeting of the Plymouth Corporation 
Tramway Committee was recently held to consider a 
report by the general manager on the trackless trol- 
ley tramway system. Mr. Everson, in his report, 
stated that tramway managers..were much impressed 
by the possibilities of the trackless car to meet the 
wants of the public in sparsely populated districts, 
because of the very small capital outlay, and also the 
small working cost. He was, he continued, quite con- 
vinced that whenever the Council considered the ques- 
tion of meeting the public requirements of places like 
Laira and Crownhill this mode of traction would be 
found very suitable for connecting up such places, to 
act as a feeder to the present tramway service. After 
discussion, the further consideration of the report was 
deferred, so that the committee might be supplied with 
additional information. 

Unscientific persons, seeing radium for the first 
time, are disappointed on finding that its radiations 
are invisible, al ough the alpha rays «ive ocular evi- 
dence of the! ve by the scintillat »» which they 
evoke in the ‘uore nt screen of the spirithariscope. 
Debierne, how ver, has recently discovered that capil- 
lary tubes containing radium emanation emit electric 
discharges which are visible in full daylight. The 
sparks are sometimes more than 1-10 inch long and are 
produced at intervals of one minute. They usually ap- 
pear on the interior surface of the tube, where mi- 
nute cracks, caused by their passage, are observed. 
Sometimes the discharge passes through the gaseous 
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emanation, which then glows brightly. These dip 
charges occur only in tubes made of certain king 
of glass. The glass in which they were most com 
spicuous contained lead, and was colored violet 
the emanation, but another specimen of glass, whigh 
contained a large proportion of lead, did not exhitit 
the phenomenon. The discharges are caused by the 
accumulation of alpha and beta particles in glass @ 
unusually high electrical resistance. 


TRADE NOTES AND FORMULE. 

Waterproof Varnish for Paper and Fabrics.—Prepar 
a metallic soap by precipitation of a solution of suk 
phate of ammonia, green or blue vitriol, with a sole 
tion of tallow soap, or also rosin soap; the separated 
metallic soap is dissolved in a fluid hydro-carbon or ig 
sulphide of carbon. 

To Color Feathers and Hair White (according tg 
Erdmann ).—Dissolve, in 1,000 parts of water, 20 parts 
of pure p. phenylendiamin or 33.5 parts of muriate of 
p. phenylendiamin and 14 parts of caustic soda. The! 
cut off or living hair, first freed from fat, is firgg 
saturated with this solution, and then, while damp, 
passed through a second bath of a 30 per cent solu 
tion of peroxide of hydrogen. By substituting for the 
peroxide of hydrogen solution 5 per cent solution of 
chloride of iron in water, a brown color is obtained. 

Blastic Varnish that will not chip off; to produce 
copal varnish for cabinet-makers, instrument makerg, 
ete., "dissolve 8 parts of camphor in 36 parts of suk 
phuric ether, add the mixture to 32 parts of finely 
pulverized copal. This mixture must be frequently 
shaken. Add 32 parts of alcohol (0.96 specific gray- 
ity) and 20 parts of rectified oil of turpentine and 
again shake all up together thoroughly. If this varniah 
be. allowed to stand quietly for several days, two strata 
willbe visible in the bottle, the lower of which con 
tains no dissolved copal, whereas the upper stratum, 
which is clear as water, is an excellent varnish. The 
lower’. stratum, in which a considerable quantity of 
copaliisicontained in the form of jelly, after the upper, 
clear. stratum has been all taken off, can be again 
treated with ether and camphor and thinned to the 
desired consistency, by the addition of alcohol. The 
addition of Venice turpentine makes this varnish 7 
less quickly. 


To Bleach, Feathers or Plumes with Peroxide of 
Hydrogen.—1, Preparation of the feathers. The feath- 
ers are freed from grease in petroleum benzine. For 
this, two baths are required, in each of which the 
feathers remain 3 to 4 hours, being from time to time 
moved about. While in a wet condition, the feathers 
must not be violently swirled about or shaken. The 
fat being thus removed, the feathers are dried in a 
current of air at a moderate heat. 2, Bleaching bath. 
The technical 3 per cent peroxide of hydrogen solu- 
tion is mixed, stirring in the meantime, with so much 
spirits of sal ammoniac, until it no longer turns 
blue litmus paper red, on the other hand, the red 
litmus paper becomes faintly violet. 3, Bleaching. 
The feathers, prepared in accordance with 1, are im- 
mersed, at ordinary temperature, in the bleaching 


* bath, until they are completely covered with the fluid. 


The bleaching bath should be in a glass or earthen- 
ware vessel, and protected from light. From time to 
time the feathers must be moved about. According 
to circumstances the bleaching is complete in 1 to 2 
days. A series of baths, to be systematically exhausted, 
is to be recommended. Bleaching by dipping and 
drying. The feathers, prepared according to 1, are 
dipped in the bath 2, allowed to drain and dried in 
@ moving current of air; the operation, after perfect 
drying, to be several times repeated. 4, Subsequent 
treatment. Violent movement to be avoided. From the 
bleaching bath, the feathers are to be transferred 
to a bath of distilled or rain water and gently moved 
about therein. When the water has run off, transfer 
them to a bath of alcohol, possibly. mixed with ether, 
then dry them in moving warm air. The dry feath- 
ers must be repeatedly dipped into benzine and this 
evaporated by moving in the air. Draw them over the 
sharp edge of a knife and curl them. 
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